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APPENDIX  F 


STRUCTURAL  ALTERNATIVES 
INTRODUCTION 

The  Structural  Alternatives  Appendix  presents  a  description  of  the  structural  alter¬ 
natives  investigated  ior  the  long-range  planning  needs  of  the  Metropolitan  Washington 
Area  (mWA).  The  appendix  is  divided  into  three  major  sections.  The  first  section 
discusses  the  use  of  the  Potomac  Estuary  as  a  water  supply  alternative,  in  particular,  the 
tmergency  estuary  Water  Pumping  Station  and  the  Potomac  Estuary  Experimental  Water 
Treatment  Plant.  The  second  section  describes  the  reservoir  sites,  both  upstream  and 
local,  which  were  examined  for  potential  storage.  The  last  section  addresses 
groundwater  as  an  alternative  for  the  MWA. 

ESTUARY  USE 


POTOMAC  ESTUARY  STUDIES 
INTRODUCTION 

The  Metropolitan  Washington  Area  depends  on  the  Potomac  River  as  a  major  source  of 
water  supply  with  the  river  presently  providing  about  70  percent  of  the  MWA  needs. 
During  droughts  the  ability  of  the  river  to  meet  both  present  and  increasing  future 
demands  is  becoming  increasingly  strained.  Inflows  to  the  estuarine  portion  of  the  river 
are  decreasing  with  attendant  impacts  on  the  salinity  and  other  water  quality  conditions 
in  the  upper  estuary. 

One  of  the  alternatives  which  has  long  been  advocated  to  alleviate  projected  water 
supply  deficits  in  the  MWA  is  the  use  of  the  Potomac  Estuary.  This  segment  of  the 
report  presents  the  findings  of  the  estuary-related  studies  conducted  as  part  of  the 
overall  mWA  program.  More  specifically,  included  are:  1)  a  general  description  of  the 
Potomac  Estuary,  2)  a  discussion  of  the  scope,  and  findings  of  the  Potomac  Estuary 
experimental  Water  Treatment  Plant  studies,  and  3)  a  presentation  addressing  the 
conduct  and  findings  of  the  Potomac  Estuary  Hydraulic  Model  Testing  Program. 

TrlE  POTOMAC  ESTUARY 

The  following  is  a  summary  discussion  of  the  more  important  physical  properties  of  the 
Potomac  Estuary.  The  information,  as  presented,  was  taken  in  large  part  from  the 
Environmental  Atlas  of  the  Potomac  Estuary,  prepared  under  contract  for  the  Maryland 
Department  of  Natural  Resources  by  the  Environmental  Center,  Martin  Marietta 
Corporation.  For  more  detail,  particularly  as  it  relates  to  the  biota  resources,  the  reader 
is  referred  to  the  above  publication. 

before  the  Pleistocene  glacial  age,  many  great  river  systems  drained  the  eastern  slopes 
of  the  long  mountain  ridges  along  the  North  American  continent.  The  greatest  of  these 
was  the  Susquehanna,  which  had  a  watershed  of  thousands  of  square  miles  with  bounda¬ 
ries  extending  as  far  north  as  upstate  New  York  and  as  far  west  as  western 
Pennsylvania.  As  the  Susquehanna  meandered  southward  to  the  Atlantic,  cutting  through 
the  Piedmont  foothills,  it  was  joined  by  waters  from  hundreds  of  streams,  large  and 
small.  Tne  largest  of  these  tributaries  was  the  Potomac  River,  which  drained  the  south- 


F-l 


western  slopes  of  the  system.  The  Potomac,  along  with  other  southern  tributaries  (the 
York,  James,  and  Rappahannock  Rivers  of  Virginia),  cut  deep  channels  across  the  ancient 
coastal  plain  ledges.  At  the  end  of  the  last  Pleistocene  glacial  age,  from  about  15,000  to 
about  9,000  years  ago,  sea  levels  rose  with  the  melting  retreat  of  the  glaciers.  Water 
inundated  the  valleys  of  the  coastal  plain  rivers  and  eventually  reached  the  base  of  the 
Piedmont  hills  at  what  is  now  called  the  fail  line.  These  tidal  waters  flooded  the  lower 
portions  of  the  Susquehanna  River  Basin,  drowning  the  valleys  inland  for  almost  180 
statute  miles  (290  kilometers).  As  seawater  intruded  into  the  lower  reaches  of  the 
Susquehanna  Basin,  the  Chesapeake  Bay  and  the  estuarine  portions  of  all  its  tributaries, 
including  the  Potomac  River,  were  formed. 

Today,  the  Potomac  River  flows  through  three  physiographic  provinces  before  it  enters 
the  Chesapeake  Bay.  The  headwaters  originate  high  in  the  Appalachian  Mountains  near 
the  southwest  corner  of  Maryland.  The  riverine  segment  ends  approximately  300  miles 
downstream  at  Little  Falls  where  the  river  comes  under  the  influence  of  the  tides.  The 
estuary  starts  at  Little  Falls  and  extends  approximately  113  miles  to  the  southeast  where 
it  meets  the  Chesapeake  Bay. 

Draining  a  portion  of  four  states  (Maryland,  Virginia,  West  Virginia,  and  Pennsylvania) 
and  the  District  of  Columbia,  the  Potomac  watershed  has  a  total  drainage  area  of  ap¬ 
proximately  14,670  square  miles.  Of  the  above  total,  approximately  2,540  square  miles 
constitute  the  drainage  of  the  estuarine  portion  of  the  system,  not  including  the  estuary 
surface  area  of  430  square  miles. 

As  shown  on  Figure  F-l,  the  Potomac  Estuary  generally  meanders  in  a  south, 
southeastwardly  direction  except  for  a  sharp  bend  which  occurs  near  the  midpoint  of  the 
estuary.  The  estuary  is  relatively  broad,  varying  in  width  from  about  200  feet  near  its 
head  to  nearly  10  miles  at  the  confluence  with  the  Chesapeake  Bay.  The  total  length  of 
the  estuarine  shoreline  is  estimated  to  be  1,121  miles. 

The  Potomac  is  a  relatively  shallow  estuary  with  depths  ranging  from  1 19  feet  off 
Mathias  Point  to  the  shallow  tidal  marshs  and  mud  flats  that  are  exposed  at  low  tide. 

The  overall  average  depth  of  the  estuary  is  19.7  feet  which  compares  with  an  average  of 
21.2  feet  for  the  entire  Chesapeake  Bay  system.  The  average  total  volume  of  the 
estuary  at  mean  low  water  is  5,402,000  acre-feet  or  about  8.7  percent  of  the  total 
volume  of  the  Chesapeake  Bay  and  tributaries. 

The  Potomac  Estuary  is  carved  out  of  the  sediments  of  the  Coastal  Plain.  These 
sediments  are  unconsolidated  deposits  of  alternating  layers  of  sand,  silt,  clay, 
diatomaceous  earth,  and  gravel  that  form  an  eastwardly  thickening  sedimentary  wedge. 
The  sedimentary  layers  were  formed  over  the  ages  from  material  of  both  marine  and 
western  slope  origin. 

On  top  of  the  ancient  layers  are  the  various  sediments  that  have  been  brought  into  the 
estuary  in  more  recent  times  from  the  upper  river  and  the  estuary  drainage.  Soft 
sediments  occur  mostly  at  the  head  of  the  estuary  with  some  sandy  areas  found  toward 
the  mouth.  Less  compacted  sediments  are  generally  found  in  the  channels  and  firmer 
muds  and  clays  toward  shore. 

The  quality  of  the  water  in  the  estuary  is  constantly  varying  with  salinity,  water 
temperature,  nutrients,  dissolved  oxygen,  and  toxic  concentrations  changing  as  a  function 
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FIGURE  F-| 

THE  POTOMAC  ESTUARY 


oi  freshwater  inflow,  tidal  currents,  and  other  physical  processes.  The  main  physical 
characteristics  are  summarized  as  follows: 

a.  Tidal  influence  extends  all  the  way  to  the  Fall  Line. 

b.  For  most  of  the  year  the  estuary  has  only  three  (tidal  fresh,  oligohaline,  and 
mesohaline)  of  the  five  possible  salinity  zones;  however,  during  the  fall  or  in 
extremely  low  flow  periods,  a  fourth  (polyhaline)  zone  occurs  at  the  mouth. 

c.  Longitudinal  salinity  distributions  and  nontidal  flows  respond  strongly  to 
variations  in  river  inflow. 

d.  Downstream  from  the  tidal  fresh  region,  the  estuary  develops  two-layered  net 
nontidal  flow  patterns. 

e.  Flow  patterns  affect  salinity,  temperature,  and  the  distribution  of  nutrients  and 
pollutants  -  all  of  which  affect  the  general  quality  of  the  water. 

Water  transport  in  and  out  of  estuaries  is  complex,  with  both  salty  and  fresh  nontidal 
flows  taking  part  in  flushing  water  through  the  estuarine  basin.  At  any  point  in  the  tidal 
freshwater  region  of  the  Potomac,  the  entire  nontidal  flow  is  directed  downstream  and 
equals  the  cumulative  freshwater  input  to  that  point.  As  fresh  water  meets  denser  salty 
water,  a  two-layered  flow  pattern  develops,  with  the  net  nontidal  flow  in  the  upper  layer 
directed  downstream  and  the  net  nontidal  flow  in  the  lower  layer  directed  upstream.  In 
salty  regions,  the  volume  of  water  transport  in  both  of  these  layers  may  at  any  point 
exceed  the  freshwater  river  input,  but  the  difference  between  them  is  still  equal  to  the 
cumulative  freshwater  input  to  that  point. 

Tides  in  the  Potomac  Estuary  are  semidiurnal,  with  a  period  of  12.4  hours.  Tidal  heights 
and  currents  bear  a  complex  relationship  to  each  other  along  the  length  of  the  estuary. 
The  tidal  motion  is  greatly  affected  by  the  shape  of  the  entire  basin,  as  well  as  by  local 
features.  The  progression  of  the  tidal  wave  in  the  Potomac  is  clearly  seen  when  tidal 
heights  along  the  estuary  are  compared  to  the  rise  and  fall  of  the  tide  at  Washington, 
D.C.  When  the  tide  is  highest  at  Washington,  D.C.,  the  lowest  tide  occurs  midway  up  the 
estuary  near  Morgantown,  Maryland  (nautical  river  mile  40).  Conversely,  during  low  tide 
at  Washington  D.C.,  the  highest  tide  occurs  near  St.  Catherine  Island,  Maryland  (nautical 
river  mile  28).  The  mean  range  of  tides  varies  between  0.88  and  0.30  meters  at 
Washington  l).C.  and  Maryland  Point,  Maryland  respectively. 

During  most  of  the  year,  the  Potomac  Estuary  has  only  three  salinity  zones  -  tidal  fresh, 
oligohaline,  and  mesohaline.  The  estuary  is  usually  fresh  above  Indian  Head  and 
mesohaline  from  Colonial  Beach  downstream  to  the  mouth,  except  during  fall,  when  a 
short-lived  tongue  of  polyhaline  water  may  extend  along  the  bottom  near  the  mouth. 
During  low  flows,  this  zone  may  extend  as  far  upstream  as  Piney  Point.  Maximum 
salinities  at  the  mouth  have  been  as  high  as  20  ppt  (parts  per  thousand),  but  the  long¬ 
term  monthly  averages  reach  only  about  12  ppt. 

There  are  marked  salinity  differences  across  the  estuary.  Gravity  is  the  strongest  influ¬ 
ence  in  the  vertical  distribution,  but  other  forces  (e.g.,  the  Coriolis  force  due  to  the 
earth's  rotation  and  centrifugal  force  due  to  the  curves  of  the  estuary)  affect  the  lateral 
distribution.  The  Coriolis  force  is  important  near  the  surface  in  broader  portions  of  the 
estuary,  wnereas  the  centrifugal  force  may  become  more  important  in  the  bends  of  the 
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estuary.  For  example,  these  forces  may  cause  the  surface  salinities  along  the  Maryland 
snore  to  be  2  or  3  ppt  greater  than  those  along  the  opposite  Virginia  shore.  In  the  lower 
estuary,  the  saltier  waters  are  channelized  along  the  bottom  by  basin  topography.  This 
leads  to  cross-sectional  salinity  patterns  that  are  different  from  those  upstream. 

Vertical  salinity  profiles  show  increasing  salinities  with  depth.  Typically,  the  most  pro¬ 
nounced  salinity  stratification  occurs  in  spring  (May),  and  the  least  in  fail  (September  and 
October).  Depending  on  location  and  season,  the  differences  in  salt  content  between 
surface  and  bottom  or  from  one  shore  to  the  other  can  be  less  than  1  ppt  or  as  great  as  6 
or  7  ppt.  Average  monthly  values  do  not  necessarily  reflect  the  magnitude  of  the  differ¬ 
ence  at  any  one  time. 

There  is  a  very  direct  relationship  between  freshwater  inflows  and  longitudinal  salinity 
distributions.  During  a  consistently  low  flow  year  (1969),  salinities  remained  fairly 
evenly  distributed  along  the  estuary  throughout  ail  seasons.  In  contrast,  in  a  normal  flow 
year  (1970),  each  peak  of  discharge  is  reflected  in  the  downstream  movement  of  fresher 
waters. 

Heavy  storms  and  droughts  cause  substantial  changes  in  salinity.  In  the  early  summer  of 
1972,  Hurricane  Agnes  dropped  the  salinities  in  the  estuary  so  suddenly  and  dramatically 
that  virtually  fresh  water  (less  than  1  ppt)  was  brought  downstream  to  within  11  nautical 
miles  of  the  mouth.  A  return  to  normal  season  conditions  was  slow,  and  two  months 
after  the  storm,  the  surface  salinities  at  the  mouth -were  9  to  10  ppt,  still  below  the 
seasonal  norm  of  13  to  13  ppt. 

The  occurrence  of  such  extreme  conditions  is  significant,  because  the  single  most  impor¬ 
tant  factor  affecting  aquatic  life  in  the  estuary  is  salinity.  Each  of  the  Potomac's  three 
major  salinity  zones  (plus  a  small  temporary  extension  of  a  fourth)  contain  characteristic 
communities.  The  upper  tidal  fresh  region  of  the  Potomac  is  characterized 
by  anadromous  fish  spawning  and  nursery  areas  and  by  areas  of  high  phytoplankton  and 
zooplankton  productivity.  The  oligohaline  region  has  major  fish  nursery  areas,  large 
forage  fish  populations,  some  anadromous  fish  spawning,  and  moderately  large  phyto¬ 
plankton  and  zooplankton  populations.  The  lower  half,  a  typical  mesohaline  estuarine 
region,  has  large  populations  of  forage  fishes,  predator  fishes,  and  blue  crabs  and  highly 
productive  oyster  and  clam  grounds.  Any  drastic  changes  in  salinity,  such  as  those 
caused  by  radical  climatic  events  or  large-scale  water  diversions,  will  probably  affect 
the  reproduction  and  growth  of  these  populations. 

The  above  information  is  provided  as  a  brief  overview  of  several  of  the  more  important 
physical  characteristics  of  the  Potomac  Estuary.  Subsequent  sections  of  this  appendix 
will  provide  the  results  of  more  detailed  analyses  of  the  estuary  that  were  conducted  as 
part  of  the  study. 

THE  ESTUARY  AS  A  SOURCE  OF  WATER  SUPPLY 


History 

One  of  the  alternatives  which  has  long  been  advocated  to  alleviate  projected  water 
supply  deficits  in  the  MWA  is  the  use  of  the  Potomac  Estuary.  However,  because  of  its 
uncertain  composition,  complex  biological  and  chemical  interactions,  unknown  environ¬ 
mental  impacts  of  freshwater  withdrawals  on  salinity  regime,  and  other  aquatic  and 
biotic  uncertainties,  the  use  of  estuary  water  was  always  considered  questionable. 


Because  of  these  unknown  factors,  in  many  of  the  previous  studies  concerning  the  MWA 
water  supply,  the  Potomac  Estuary  was  not  considered  a  viable  water  supply  alterna¬ 
tive.  These  studies  did,  however,  indicate  the  need  for  further  investigations  and  a  full 
analysis  of  the  estuary  water.  As  a  response  to  various  reports  and  recommendations, 
the  Congress  in  Section  85  of  the  Water  Resources  Development  Act  of  1974  (Public  Law 
93-251,  7  March  1974),  directed  an  investigation  of  alternative  solutions  for  the  potential 
water  supply  problems  in  the  MWA.  Section  85b(2)  authorized  an  investigation  and  study 
of  the  use  of  Potomac  Estuary  water  and  the  feasibility  of  using  estuary  water  as  a 
source  of  water  supply  for  the  MWA. 


Emergency  Estuary  Water  Pumping  Station 

The  temporary  Emergency  Estuary  Water  Pumping  Station  (EEWPS)  was  authorized  by 
Supplemental  Appropriation  Act  of  1971,  Public  Law  91-665,  and  is  located  on  the 
Potomac  Estuary  about  1,000  feet  upstream  of  Chain  Bridge.  The  construction  of  the 
project  began  in  December  1976,  and  was  completed  in  spring  of  1979  at  a  cost  of  $2.8 
million. 

The  EEWPS  is  capable  of  withdrawing  a  maximum  of  100  million  gallons  per  day  (mgd)  of 
water  from  the  Potomac  Estuary  during  emergency  low  flow  conditions  in  the  freshwater 
portion  of  the  Potomac  River.  The  estuary  water  would  be  pumped  to  the  Dalecarlia  and 
McMillian  Water  Treatment  facilities  for  mixing  with  freshwater  and  subsequent  treat¬ 
ment.  The  purpose  of  EEWPS  is  to  mitigate  the  severest  impacts  of  a  water  deficit  in 
the  MWA,  until  such  time  as  other  means  are  available  to  supplement  the  water  supply 
sources  of  the  MWA. 

It  is  important  to  note  that  the  pumping  station  will  operate  only  under  emergency  condi¬ 
tions  when  flow  in  the  Potomac  River  is  not  sufficient  to  meet  the  needs  of  Washington 
Aqueduct  Division's  service  area.  Prior  to  operation  of  EEWPS,  mandatory  restrictions 
implemented  by  the  Metropolitan  Washington  Council  of  Governments  (MWCOG)  would 
have  to  be  in  effect  and  the  water  supply  would  have  to  be  acceptable  for  use  by  the 
Public  Health  Service.  (To  date,  it  has  not  been  necessary  to  use  the  EEWTP,  and  it  is 
presently  planned  to  deactivate  this  facility  after  Little  Seneca  Lake  is  constructed). 

POTOMAC  ESTUARY  EXPERIMENTAL  WATER  TREATMENT  PLANT 

As  noted  above,  Section  85b(2)  directed  the  Corps  of  Engineers  to  study  the  feasibility 
of  using  the  Potomac  Estuary  as  a  source  of  water  supply.  The  authorization  further 
directed  the  construction,  operation,  and  evaluation  of  an  experimental  project  for  the 
treatment  of  estuary  water.  The  purpose  of  the  plant  was  to  determine  the  feasibility  of 
producing  potable  water  from  the  Potomac  River  Estuary.  The  experimental  plant  was 
located  on  a  two-acre  site  at  the  District  of  Columbia  Blue  Plains  Water  Pollution 
Control  Plant.  The  plant  was  designed  for  a  1.0  mgd  maximum  flow  rate  with  unit 
processes  that,  based  on  the  present  knowledge  and  technology,  could  produce  treated 
water  for  many  uses.  The  following  section  of  this  appendix  presents  a  more  detailed 
discussion  of  the  plant  and  testing  program. 

The  information  included  relative  to  the  Potomac  Estuary  Experimental  Water  Treat¬ 
ment  Plant  (EEWTP)  was  taken  in  whole  or  in  part  from  reports  prepared  by  the  firm  of 
James  M.  Montgomery  (JMM),  Consulting  Engineers,  Inc.,  which  was  hired  in  May  1980  to 
conduct  the  three-year  program  of  operation,  maintenance,  and  performance  evaluation 
of  the  demonstration  plant. 


project  objective 


The  overall  objective  o f  the  EEWTP  project  was  to  determine  the  technical  and  economic 
feasibility  of  using  the  Potomac  River  Estuary  as  a  supplemental  source  of  potable  water 
in  the  MWA.  Achieving  this  objective  required  the  answer  to  a  number  of  key  questions: 

a.  Using  the  best  available  analytical  techniques,  what  quality  of  water  could  be 
produced  by  commonly  used  water  treatment  processes? 

b.  Was  the  water  produced  by  the  demonstration  plant  of  potable  quality? 

c.  What  were  the  optimum  process  combinations  which  would  ensure  production  of 
potable  water  at  a  minimum  cost? 

d.  What  was  the  operational  feasibility  and  reliability  of  a  water  treatment  plant 
that  would  be  operated  only  intermittently? 

e.  Finally,  what  are  the  estimated  costs  of  such  a  water  treatment  plant  with 
hydraulic  capacity  of  200  mgd? 

SCOPE  OF  PROJECT 

The  project  was  designed  to  provide  answers  to  the  above  questions.  Cost  constraints 
limited  project  duration  to  three  years,  including  approximately  six  months  of  plant 
start-up.  which  was  completed  in  March  1981,  two  years  of  plant  operation  between 
March  1981  and  March  1983,  and  six  months  of  plant  deactivation.  The  final  report  for 
the  EEWTP  was  submitted  to  a  review  committee  designated  by  the  National  Academy  of 
Sciences/National  Academy  of  Engineering  (NAS/NAE),  in  September  1983.  This 
committee  had  the  responsibility  for  evaluating  the  scientific  and  engineering  validity  of 
the  study.  At  the  same  time,  the  EEWTP  final  report  was  submitted  to  the  U.S.  Congress 
as  background  data  for  use  in  evaluating  proposed  strategies  for  meeting  the  water 
supply  programs  in  the  MWA. 

PROJECT  ORGANIZATION 

Operation,  maintenance,  and  performance  evaluation  of  the  Potomac  Estuary 
Experimental  Water  Treatment  Plant  required  both  on-site  and  off-site  personnel  to 
complete  the  negotiated  scope  of  work.  Off-site  analytical  services  were  provided  by 
the  JmM  Environmental  Research  Laboratory  in  Pasadena,  California.  In  addition  to 
laboratory  services,  off-site  personnel  provided  technical  direction  on  several  key 
aspects  of  the  project,  including  project  management,  plant  operations,  laboratory 
methods,  engineering,  data  management,  and  procurement.  Because  of  the  size  and 
broad  scope  of  this  project,  a  Technical  Advisory  Committee  (TAC)  was  established, 
consisting  of  JMM  personnel  who  were  recognized  experts  in  key  project  areas. 

FACILITY  DESCRIPTION 

In  this  section,  the  EEWTP  facilities  are  described  as  they  were  built  and  modified  for 
project  operation.  Treatment  processes  and  plant  instrumentation  are  described,  and 
plant  flow  schematics  and  design  criteria  are  presented. 
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Process  Schematics 
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Schematics  ol  the  unit  processes,  flow  schemes,  and  instrumentation  for  the  different 
aspects  of  the  EEWTP  are  presented  as  Figures  F-2  through  F-4.  These  schematics  were 
developed  by  JmM  to  provide  updated  and  easily  visible  information  regarding  process 
flow  capabilities,  process  instrumentation  for  continuous  monitoring  (location  of  flow 
meters,  pH  monitoring  and  sample  points,  and  solids  handling  capabilities).  Three 
schematics  are  provided  representing  the  water  treatment  processes  (both  the  main 
processes  and  the  total  dissolved  solids  (TDS)  sidestream  treatment  processes),  the  sludge 
handling  and  chemical  recovery  processes,  and  the  chemical  handling  systems, 
respectively. 

The  £E  WTP  consisted  of  a  combination  of  physical-chemical  unit  operations  designed  to 
produce  potable  water  from  a  highly  contaminated  source.  Contaminants  which  could  be 
removed  included  suspended  material  (particulates),  heavy  metals,  organic  contaminants, 
inorganic  dissolved  solids,  and  pathogenic  microorganisms.  A  flow  schematic  of  unit 
processes  used  to  accomplish  the  treatment  objectives  is  illustrated  in  Figure  F-2. 

Particulate  matter  degrades  water  quality  from  both  aesthetic  and  health  standpoints. 
Pathogens  associated  with  particulates  (such  as  S.  typhosa  and  the  hepatitus  virus)  and 
asbestos  fibers  pose  potential  health  risks.  Particulates  also  produce  indirect  health  risks 
due  to  the  adsorption  of  heavy  metals,  organics,  and  viruses,  and  the  protection  of 
pathogens  from  disinfection.  In  the  EE  WTP,  particulates  were  removed  by  microscreens, 
coagulation-flocculation  sedimentation,  and  filtration.  In  addition,  some  particulates 
remaining  after  filtration  were  captured  on  granular  activated  carbon. 

Metals  can  pose  both  chronic  and  acute  health  risks  depending  upon  concentration  and 
specification,  borne  metals,  such  as  iron  and  manganese,  cause  aesthetic  and  operational 
problems  with  finished  water  use.  Metals  which  were  absorbed  on  or  entrapped  by 
particulates  were  removed  as  previously  described.  Iron  and  manganese  were  removed  by 
a  combination  of  oxidation  and  subsequent  filtration,  with  the  success  of  this  process 
dependent  upon  pH,  oxidant  reaction  time,  and  other  factors.  Soluble  metal  species  were 
partially  removed  by  absorption  on  the  granular  activated  carbon.  Additional  removals 
of  soluble  species  were  achieved  by  reverse  osmosis,  ion  exchange,  or  electrodialysis. 

A  variety  of  organic  compounds  were  present  in  the  EE  WTP  influent.  Two  types  of  trace 
organic  compounds  of  concern  were  synthetic  organic  chemicals  and  haiogenated  or 
oxidized  by-products  of  disinfection.  Some  compounds  in  these  groups  are. known  animal 
or  human  carcinogens  and  have  been  the  focus  of  considerable  attention  by  water 
treatment  authorities  in  recent  years.  Natural  organics  are  not  of  direct  health 
significance  but  are  of  concern  because  they  act  as  precursors  for  the  formation  of 
trihalomethanes  and  other  haiogenated  organics. 

Removal  of  organics  was  dependent  upon  the  nature  of  the  organics  compound.  Of  the 
natural  organics,  approximately  30-50  percent  removal  was  achieved  through 
coagulation-flocculation-sedimentation  process,  5-15  percent  through  the  filters,  and 
about  20-30  percent  (primarily  dissolved  organics)  through  the  activated  carbon. 

Synthetic  organic  compounds  were  removed  by  adsorption  on  activated  carbon,  although 
some  removal  was  accomplished  by  adsorption  on  particulates  and  loss  to  the  atmosphere 
by  mechanical  aeration. 
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SCHEMATIC  OF  THE  UNIT  PROCESSES 


Microbial  contaminants,  including  bacteria,  viruses,  and  protozoa,  were  removed  to  some 
extent  with  the  particulate  removal  process.  Disinfection,  however,  was  the  principal 
barrier  against  microbial  contaminants.  Intermediate  disinfection  was  provided  through 
either  chlorine  or  ozone,  and  final  disinfection  was  accomplished  by  any  one  of  five 
combinations  of  processes:  chlorine,  ozone,  ultraviolet  (UV),  UV  followed  by  chlorine,  or 
ozone  followed  by  chlorine. 

Evaluation  of  dissolved  solids  removal  was  accomplished  using  a  seven  gallons  per  minute 
(gpm)  sidestream  from  the  carbon  column  effluent.  Electrodialysis,  reverse  osmosis,  or 
ion  exchange  were  tested  for  removal  of  inorganic  dissolved  solids.  Following 
demineralization,  the  sidestream  was  subjected  to  either  the  chlorine,  ozone,  or  UV 
disinfection  processes. 

The  unit  processes  for  solids  handling  and  chemical  recovery  are  outlined  in  Figure  F-3. 
The  bold  lines  indicate  the  process  flow  scheme  with  operation  for  alum  recovery,  when 
alum  was  the  primary  coagulant.  Basic  unit  processes  included  sludge  thickening,  sludge 
acidulation,  centrifugation,  and  sludge  disposal  via  truck  transport  to  disposal  or 
(possibly)  incineration.  Centrate  was  recirculated  to  the  rapid  mix  tank  or  aeration 
basin,  depending  upon  which  centrifuge  and  sludge  disposal  technique  was  in  use. 

With  an  operation  using  lime  and  magnesium  bicarbonate  for  coagulation,  chemical 
recovery  unit  processes  included  sludge  thickening,  sludge  carbonation,  centrifugation, 
and  sludge  incineration.  Lime  and  carbon  dioxide  (CO2)  were  recovered  from  the'  lime 
furnace.  Centrate  containing  recovered  magnesium  was  clarified  in  the  clarifying 
centrifuge  (sludge  to  disposal  via  truck)  and  recirculated  to  the  rapid  mix  tank. 

Figure  F-4  shows  the  chemical  handling  processes  for  the  various  dry  and  wet  chemicals 
which  were  used  at  the  EEWTP.  The  systems  were  relatively  straight  forward,  although 
some  modification  and  repair  work  was  required  during  start-up  to  ensure  proper 
operation  of  ail  systems. 

Flow  Control 

Flow  control  valves  were  located  at  the  following  points  in  the  plant:  Blue  Plains 
effluent  line,  estuary  water  line,  filter  effluent  lines,  filter  backwash  line,  upflow  carbon 
column  influent  line,  downflow  carbon  column  influent  line,  carbon  column  backwash 
line,  carbon  transfer  lines,  carbon  column  by-pass  line,  disinfection  influent  lines,  and  the 
TDS  sidestream  influent  line. 

During  the  first  six  months  of  plant  start-up,  3MM  experienced  considerable  difficulty 
with  several  of  the  flow  control  systems;  however,  modifications  were  made  such  that 
adequate  flow  control  was  established  for  all  processes.  Essentially,  all  automatic 
control  valves  (except  upflow  carbon  transfer  valves)  were  set  to  maintain  constant 
flow.  This  was  accomplished  by  means  of  set  point  controllers  in  the  main  or  local 
control  panels. 

Parameter  Monitoring 

In  addition  to  the  flow  monitoring  noted  above,  there  was  provision  for  continuous 
monitoring  of  several  additional  parameters.  These  various  monitoring  points  are 
indicated  with  circles  and  abbreviated  symbols  in  Figures  F-2  through  F-4.  Table  F-l 
provides  a  more  complete  list,  including  a  description  of  recording  capabilities. 
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SCHEMATIC  OF  THE  INSTRUMENTATION 


TABLE  F-l 


PROCESS  MONITORING 


£H 

Rapid  Mix  Tank 
Recarbonation  Basin  Effluent 
Sludge  Storage  Tank  Effluent  (to 
Basket  Centrifuge) 

Sludge  Storage  Tank  Effluent  (to 
Bowl  Centrifuges) 

Basket  Centrifuge  Cake 

Turbidity 

Blend  Tank  Effluent 
Filter  Influent 
Filter  No.  1  Effluent 
Filter  No.  2  Effluent 
Recovered  Alum 

Density 

Backwash  Holding  Tank  Pump  Disci .arge 
Thickened  Sludge 

Mass  Kate-Spent  Carbon  to  Storage 
Mass  Kate-Spent  Carbon  from  Storage 
Mass  Rate-Regenerated  Carbon  to 
Storage 

Mass  Rate-Regenerated  Carbon  from 
Storage 

Temperature 
Estuary  Water 
Blue  Plains  Water 
Ambient  Air 
Furnace  Hearths 


Indicating  Recording  Totalizing 

C 

C  C 

L 

L 

L 


L 

L 

L 

L 

L 


L 

L 

L 

L 

L 

L 


L 

L 

L 

L 


Differential  Pressures 

Each  Carbon  Column  (6  total)  L 

Filter  No.  1  L 

Filter  No.  2  L 

Electrical  Conductivity 

Blend  Tank  L 


weight 

Sludge  Cake-Classifying  Centrifuge 
Sludge  Cake-Clarifying  Centrifuge 


L 

L 


L 

L 


no  <~nn  noon 


TABLE  F-l 


PROCESS  MONITORING  (Continued) 

Indicating  Recording  Totalizing 


Level 

Estuary  Water  Surface 
Microscreen  No.  1  Influent  Chamber 
Microscreen  No.  2  Influent  Chamber 
Filtered  Water  Clearwell 
Backwash  Water  Holding  Tank 
Carbon  Column  Effluent  Clearwell 
Finished  Water  Clearwell 
Recovered  Chemical  Tanks 
Commercial  Chemical  Tanks 
Regenerated  Carbon  Storage  Tank 
Spent  Carbon  Storage  Tank 

TOC 

Microscreen  No.  1  Effluent 
Microscreen  No.  2  Effluent 
Blend 

Filter  Influent 
Filter  Effluent 

First  Stage  Carbon  Column  Effluent 
Final  Carbon  Column  Effluent 
Finished  Water 

NOTES: 

L:  Local 

C:  Central  Operations  Area 


L,C 

L,C 

L,C 

L,C 

L,C 

C 

L 

L 


L 

L 

L 

L 

L 

L 

L 

L 


C 


c 

c 


L 

L 

L 

L 

L 

L 

L 

L 
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WATER  gUAUTY  GOALS 


Water  quality  standards  currently  used  to  regulate  the  quality  of  drinking  water  in  the 
U.S.  are  based  on  the  assumption  that  the  raw  water  source  is  the  best  one  available.  In 
many  cases,  these  sources  originate  in  the  upper  portions  of  watersheds  and  are  subject 
to  minimal  human  contamination.  Such  would  probably  not  be  the  case  for  the  influent 
sources  to  the  future  water  treatment  plant  using  the  tidal  fresh  portion  of  the  estuary. 
The  EEWTP  treated  a  50:50  blend  of  estuary  water  plus  nitrified  effluent  from  the  Blue 
Plains  Wastewater  Treatment  Plant  to  simulate  expected  water  quality  under  drought 
conditions.  Given  the  quality  of  the  influent  to  the  EEWTP,  meeting  the  U.S. 
Environmental  Protection  Agency  (EPA)  primary  and  secondary  drinking  standards  was 
not  considered  sufficient  evidence  that  the  water  produced  by  the  EEWTP  would  be 
acceptable  for  human  consumption. 

As  a  consequence,  criteria  for  plant  operation  and  control  were  based  on  a  set  of  water 
quality  goals  which  included  parameters  not  currently  regulated  by  the  EPA  or  by  state 
health  departments. 

In  this  section,  the  basis  for  selecting  water  quality  goals  for  the  finished  water  from  the 
EEWTP  is  discussed.  The  goals  presented  are  not  intended  to  imply  that  a  water  meeting 
these  goals  is  potable.  Rather,  the  goals  were  used  as  a  guide  for  control  of  plant 
operations. 

basis  for  Goals 


In  developing  water  quality  goals,  a  number  of  factors  were  considered.  Literature 

was  reviewed  for  up-to-date  regulations  or  standards,  both  in  the  United  States  and  other 

countries. 

As  a  minimum,  the  goals  proposed  for  the  EEWTP  must  match  existing  drinking  water 
regulations.  Current  United  States  regulations,  promulgated  by  EPA,  include  the 
National  Interim  Primary  Drinking  Water  Regulations  (EPA,  1975)  and  the  EPA 
Secondary  Drinking  Water  Regulations  (July,  1979).  The  primary  regulations  are  based  on 
health  effects  and  are  mandatory,  while  the  secondary  regulations  are  based  on  consumer 
acceptance  and  are  recommended.  EPA  has  also  published  regulations  for  the  control  of 
trihalomethanes  (THM's)  (November,  1979)  and  for  monitoring  of  sodium  and  corrosion  in 
distribution  systems  (August,  1980).  In  the  District  of  Columbia,  the  EPA  regulations 
govern,  since  there  are  no  distinct  District  regulations. 

Other  sources  of  information  in  developing  water  quality  goals  were  international 
drinking  water  standards.  In  particular,  the  European  standards  were  helpful  since  they 
tended  to  consider  previous  contamination  of  sources.  The  World  Health  Organization 
(WHO)  European  standards  (1970)  were  consulted.  WHO  also  has  international  standards, 
but  these  are  prepared  for  situations  in  developing  countries,  where  these  standards 
would  be  less  stringent.  The  European  community  (Knoppert,  1980)  has  recently 
developed  new  drinking  water  standards  which  are  fairly  comprehensive. 

More  information  was  recently  developed  on  water  quality  critria  based  on  health 
effects,  borne  of  this  data  will  eventually  be  incorporated  into  the  EPA  primary 
regulations.  /\  considerable  amount  of  data  on  health  effects  was  available  from  the 
National  Academy  of  Sciences  (1977  and  1980).  The  Office  of  Water  Planning  and 


Standards  of  the  EPA  (November  1980  and  August  1981)  has  also  developed  health  effects 
criteria  for  the  priority  pollutants. 

The  information  on  health  effects  can  generally  be  divided  into  three  categories: 

(1)  carcinogens,  (2)  non-carcinogens,  and  (3)  compounds  of  unknown  health  effects.  By 
far,  the  largest  number  of  constituents  which  can  be  analyzed  in  drinking  water  fall  into 
the  latter  category.  Carcinogens,  or  substances  which  cause  cancer,  are  generally 
believed  to  have  health  effects  which  are  proportional  to  the  dosage;  that  is,  there  is  no 
"safe"  level  or  threshold  level  below  which  no  risk  exists.  For  carcinogens  where  risk 
estimates  can  be  extrapolated,  a  given  concentration  of  the  compound  is  associated  with 
an  additional  or  incremental  lifetime  cancer  risk.  These  incremental  risks  are  typically 
on  the  order  of  one  in  one  hundred  thousand  to  one  in  ten  million.  For  an  incremental 
lifetime  cancer  risk  of  one  in  one  million,  it  could  be  estimated  that  one  person  in  a 
population  of  one  million  drinking  the  water  over  a  lifetime  would  get  cancer  who 
otherwise  would  not  have.  On  the  individual  level,  a  single  person's  risk  from  drinking 
this  water  over  a  lifetime  would  increase  by  one  in  one  million.  For  non-carcinogens 
with  known  health  effects,  the  health  effects  of  drinking  the  water  are  from  toxic 
properties  and  the  response  is  an  immediate  or  acute  one.  Generally,  an  acceptable  daily 
intake  is  calculated,  then  divided  by  a  safety  or  uncertainty  factor  to  obtain  a  drinking 
water  criteria.  Typically,  the  safety  factors  range  from  10  to  1,000,  depending  upon  how 
much  is  known  about  the  compound  and  its  health  effects. 

A  final  factor  to  consider  in  setting  goals  is  consumer  satisfaction.  This  refers  to  the 
aesthetic  properties  of  the  water,  such  as  taste,  odor,  and  clarity.  Goals  for  consumer 
satisfaction  have  been  established  by  the  American  Water  Works  Association  (AWWA, 
1968  and  bean,  1974)  as  well  as  the  EPA  Duly,  1979).  Meeting  aesthetic  criteria  would 
be  particularly  important  for  a  plant  such  as  the  proposed  full-scale  estuary  water 
treatment  facility,  since  consumers  are  likely  to  know  that  a  portion  of  the  water 
originated  from  treated  wastewater.  Therefore,  the  treated  water  quality  should  be  at 
least  as  good  as  currently  accepted  limits  in  other  drinking  water  facilities  in  the  region. 

Selection  Process 

The  following  decision  steps  were  followed  in  developing  water  quality  goals  for  the 
finished  water  from  the  EEWTPj 

a.  The  goal  was  to  at  least  comply  with  current  applicable  EPA  regulations. 

b.  The  water  quality  was  to  be  acceptable  to  consumers. 

c.  Treated  water  quality  for  regulated  parameters  was  to  be  equivalent  in  quality  to 
levels  achieved  by  current  practice  in  well-operated  water  treatment  plants. 

d.  Health  risks  were  to  be  minimal  or  negligible.  Where  data  was  available  on  health 
effects,  negligible  health  risks  were  defined  as  follows:  (1)  for  carcinogens,  a  one  in 
one  million  incremental  lifetime  cancer  risk  and  (b)  for  non-carcinogens,  a  safety 
factor  of  100  using  the  acceptable  daily  intake. 

Goals 

Water  quality  goals  were  established  for  the  majority  of  parameters  tested  at  the 
EEWTP.  These  goals  for  water  quality  are  summarized  in  Table  F-2.  This  table 
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describes  the  various  physical,  microbiological,  inorganic,  organic,  and  radiological 
parameters  for  treated  water  quality.  Where  data  was  available,  columns  show 
regulations  from  the  EPA,  International  Standards  from  the  World  Health  Organization 
and  European  Community,  suggested  criteria  for  minimizing  health  effects,  and  levels 
that  were  achieved  at  well-operating  water  treatment  plants.  Finally,  the  actual  goals 
for  the  EEWTP  are  listed  in  the  last  column. 

SELECTION  OF  INFLUENT  CONDITIONS  FOR  THE  EEWTP 

Introduction 

The  principal  objective  of  the  EEWTP  was  to  determine  the  technical  and  economic 
feasibility  of  using  the  Potomac  River  Estuary  aw  a  supplemental  water  supply  source  for 
the  Metropolitan  Washington  Area  during  periods  of  severe  and  sustained  drought.  Thus, 
the  EEWTP  was  designed  with  facilities  for  using  two  influent  sources  to  simulate 
projected  water  quality  levels  which  might  be  reached  at  Chain  Bridge  (one  possible  site 
of  the  future  water  treatment  pLant)  during  a  drought.  One  source  is  the  Estuary,  the 
other,  nitrified,  unchlorinated  effluent  from  the  Blue  Plains  Wastewater  Treatment 
Plant. 

According  to  the  "Special  Study  Report,"  February  1979,  prepared  by  Malcolm  Pirnie, 

Inc.  (MP1),  a  mixture. of  one  part  nitrified  effluent  and  two  parts  estuary  water  was 
originally  recommended  to  simulate  future  water  quality  characteristics.  This  particular 
mix  was  recommended  on  the  basis  of  the  following  assumptions: 

a.  100  mgd  minimum  flowby  in  the  river  during  the  drought, 

b.  hydraulic  conditions  equivalent  to  the  worst  drought  in  the  hydrologic  record 
(1930-1931), 

c.  90-day  drought  duration, 

d.  2030  monthly  average  water  demands, 

e.  estuary  withdrawal  rate  of  200  mgd,  and 

f.  future  estuary  pump  station  located  close  to  Chain  Bridge. 

The  specified  mix  was  considered  conservative,  and  consistent  with  the  results  of  estuary 
modeling  studies  of  total  dissolved  solids  using  the  EPA  Dynamic  Estuary  Management 
(DEM)  model.  It  was  also  stressed  that  a  "perfect  simulation"  of  the  water  quality  in  the 
intake  of  a  future  estuary  water  treatment  plant  was  unlikely. 

At  the  time  of  preparation  of  the  Special  Study,  selection  of  the  appropriate  influent  mix 
was  hampered  by  lack  of  monitoring  data  on  the  two  available  influents,  especially  with 
respect  to  parameters  of  potential  health  significance  including  synthetic  organic  chemi¬ 
cals,  total  organic  halogen  (TOX),  metals,  asbestos  fibers,  viruses,  and  other  potentially 
pathogenic  microorganisms.  Since  February  1979,  questions  were  also  raised  on  the 
suitability  of  the  hydraulic  boundary  conditions,  and  of  the  water  use  increments  applied 
in  the  DEM  model.  As  a  consequence  of  these  concerns,  the  rationale  for  the  specified 
influent  mix  was  reevaluated  by  the  3 MM  during  the  contract  start-up  period,  using  more 
recent  influent  water  quality  monitoring  data,  and  revised  boundary  conditions  for  the 
DEM.  ino  attempt  was  made  to  recalibrate  the  DEM  model,  however. 
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Limitations  on  Selection  Procedure 

The  objectives  of  the  contractor  modeling  and  monitoring  efforts  were  as  follows: 

a.  To  estimate  the  worst  water  quality  levels  for  key  parameters  at  Chain  Bridge 
under  1930  drought  conditions  and  2030  demands. 

b.  To  estimate  the  expected  water  quality  levels  in  the  estuary  intake  and  the  Blue 
Plains  nitrified  effluent  during  the  operation  of  the  EEWTP. 

c.  To  recommend  a  blend  of  estuary  water  and  nitrified  effluent  that  simulated  the 
worst  expected  water  quality  levels  during  operation  of  the  full-scale  emergency 
water  treatment  plant. 

Selection  of  the  appropriate  blend  of  the  two  influent  streams  to  the  EEWTP  was  compli¬ 
cated  by  inherent  limitations  in  the  available  data  base.  An  ideal  strategy  would  be  to 
first  predict  the  frequency  distribution  of  ail  water  quality  parameters  in  the  estuary 
with  any  health  significance  under  2030  drought  conditions,  and  then  compare  these  dis¬ 
tributions  with  the  expected  distribution  of  each  parameter  in  the  two  influent  streams 
to  the  EEWTP.  Unfortunately,  pursuit  of  this  strategy  was  hindered  by:  1)  the  inability 
of  estuary  water  quality  models  to  predict  the  fate  of  parameters  of  health  significance; 
2)  limitations  in  the  selection  of  appropriate  model  boundary  conditions;  and  3)  the 
limited  amount  of  water  quality  data  obtained  from  monitoring  of  the  EEWTP  influents. 

Altnough  prediction  of  all  parameters  with  significant  health  effects  was  not  possible 
with  the  presently  available  models,  it  was  possible  to  estimate  conservative  pollutant 
transport  in  the  Estuary  under  drought  conditions  with  a  revised  implementation  of  the 
DEM  model. 

Previous  Modelling  Efforts 

The  available  methods  for  estimating  future  estuary  water  quality  range  from  simple 
steady-state  reactor  models  to  highly  complex  diffusion  and  flow  simulations.  Two 
substantially  different  models  were  applied  to  the  Potomac  Estuary  in  previous  studies. 
Each  served  to  estimate  the  potential  worst  water  quality  at  a  hypothetical  estuary 
water  treatment  plant. 

The  Hydroscience  Model 

In  1973,  Hydroscience,  Inc.  completed  a  feasibility  study  for  the  Corps  of  Engineers  on 
the  use  of  water  from  the  Potomac  Estuary  to  supplement  the  water  supply  of  the 
Metropolitan  Washington  Area  under  drought  conditions.  At  the  time  of  the  study,  the 
design  capacity  of  the  proposed  water  supply  facility  was  not  fixed.  The  Hydroscience 
analysis  estimated  the  worst  water  quality  at  the  head  of  the  estuary  near  Chain  Bridge 
for  a  number  of  minimum  streamflows  and  plant  recycle  rates,  dependent  on  three 
alternative  reservoir  construction  programs. 

The  following  pollutants  were  modeled:  total  dissolved  solids,  chlorides,  coliforms,  total 
phosphorus,  5-day  biochemical  oxygen  demand,  organic  nitrogen,  nitrate  nitrogen,  nitrite 
nitrogen,  ammonia  nigtrogen,  algal  nitrogen,  and  stream-dissolved  oxygen.  The  model 
used  was  a  steady-state,  one-dimensional  segmented  estuary  model,  with  a  single 
dispersion  constant  to  represent  tidal  influences.  Nonpoint  sources  were  not  included. 
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The  increase  in  pollutant  concentrations  due  to  municipal  use  was  predicted  by  assuming 
a  fixed  increase  in  the  concentration  of  each  pollutant  during  each  cycle  through  the 
municipal  system. 

The  Hydroscience  analysis  supported  the  viability  of  recycling  estuary  water  for 
municipal  use,  under  a  limited  set  of  conditions.  Because  the  model  assumed  steady- 
state  conditions,  used  1960  drought  flow  conditions  rather  than  1930  flows,  and  utilized  a 
small  number  of  channel  segments  to  represent  the  estuary,  the  Hydroscience  results 
were  an  insufficient  basis  for  selecting  the  blend  ratio. 

GKY  Model 

As  part  of  the  development  of  a  testing  program  for  the  operation  of  the  EEWTP, 
Malcolm  Pirnie,  Inc.  (MPI)  contracted  with  GKY  Associates  to  perform  a  more  detailed 
analysis  of  the  estuary  system,  with  a  new  model  and  revised  boundary  conditions.  The 
GKY  modeling  study  addressed  two  primary  issues: 

a.  What  was  the  present  variability  of  water  quality  parameters  in  the  estuary  near 
the  EEWTP,  and  how  did  this  variability  influence  the  necessary  frequency  of 
sample  collection? 

b.  What  were  the  expected  levels  of  TDS  and  other  conservative  constituents  at  the 
site  jf  the  future  intake  point  under  various  potential  drought  conditions? 

GKY  employed  the  EPA's  DEM  model  to  simulate  estuary  water  quality  under  both  future 
drought  conditions  and  present  average  flow  conditions.  For  the  drought  simulation,  only 
conservative  parameters  were  considered,  including  TDS,  total  phosphorus,  major  anions 
and  cations,  nitrate,  ammonia,  and  several  trace  metals.  The  model  consisted  of  a  one¬ 
dimensional,  segmented  flow  simulation  with  a  90-second  time  step.  Inflow  from  the 
Potomac  River  was  varied  monthly  over  a  90-day  drought  interval.  Upstream  flows  in 
the  Potomac  River  varied  from  600  to  1,300  mgd,  with  water  demands  decreasing  from 
750  to  600  mgd  during  the  simulated  period.  The  operating  capacity  of  the  recycle  plant 
was  fixed  at  200  mgd  for  the  simulation.  Additionally,  the  model  was  used  to  estimate 
present  average  summer  and  winter  water  quality  in  the  estuary  near  the  site  of  the 
EEWTP,  in  order  to  judge  the  variability  in  water  quality  in  plant  influent  from  the 
estuary  during  operation. 

Based  on  the  simulation  results,  with  consideration  of  the  probable  quality  of  unfiltered, 
nitrified  effluent  from  Blue  Plains,  a  blend  ratio  of  one  part  nitrified  effluent  and  two 
parts  estuary  water  was  recommended. 

Revised  Modelling,  Efforts 

The  major  limitation  of  the  MPI  study  was  the  use  of  monthly  average  inflows  to  the 
estuary,  which  restricted  the  ability  of  the  model  to  respond  to  severe  low  flow 
sequences.  It  was  decided  that  a  reevaluation  of  the  estuary  system  was  necessary  given 
the  limitations  of  the  MPI  approach.  After  consideration  of  the  previous  model  appli¬ 
cations  and  the  data  available  for  the  present  study,  the  DEM  model  was  chosen  as  the 
most  suitable  for  further  use  in  estuary  modeling.  The  major  advantage  of  the  DEM  was 
that  variable  inflows  and  wasteloads  to  the  estuary  could  be  considered.  Also,  the  DEM 
represents  the  estuary  in  smaller  segments  than  do  simpler  steady-state  models,  and  was 
able  to  better  predict  water  and  conservative  pollutant  transport  in  the  estuary. 
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Accurate  characterization  of  non-conservative  pollutants  in  the  estuary  was  not  as 
certain  with  any  model,  given  the  complex  nature  of  non-conservative  pollutant 
interactions,  especially  under  drought  conditions.  The  present  study  was  therefore 
limited  to  those  pollutants  which  may  be  considered  conservative.  This  also  included 
some  non-conservative  parameters  which  undergo  slow  degradation  or  transformation  in 
the  Estuary,  in  which  case  the  model  predictions  served  as  an  estimate  of  the  maximum 
attainable  level  of  the  pollutant  in  the  Estuary. 

The  DEM  model,  although  accurate,  was  highly  consumptive  of  computer  time.  The  90- 
second  hydrologic  time  step  required  by  the  model  results  in  over  86,000  separate 
computations  of  water  flow  in  each  of  the  139  estuary  segments  during  a  single  90-day 
simulation.  Fortunately,  the  same  hydrologic  run  may  be  used  as  a  basis  for  many  runs  of 
the  associated  water  quality  model,  which  requires  only  a  30-minute  time  step  to 
preserve  the  accuracy  of  results.  Available  resources  for  this  study  therefore  limited 
consideration  of  alternative  scenarios  to  only  a  few  runs  of  the  hydrologic  model. 

The  principal  objectives  of  the  revised  modeling  efforts  were  to  verify  previous 
estimates  of  future  water  quality  levels  for  conservative  parameters,  and  to  determine 
the  sensitivity  of  those  predictions  to  alternative  boundary  conditions,  including  variable 
'  use  increments,  alternative  withdrawal  sites  for  the  future  water  treatment  plant,  and 

extreme  value  situations.  These  alternative  conditions  included: 

a.  the  effect  on  conditions  in  the  Estuary  of  varying  upstream  flow  daily  instead  of 
using  monthly  averages; 

b.  the  effect  of  relocation  of  the  proposed  plant  intake  to  a  point  below  the  head  of 
the  Estuary; 

c.  the  potential  for  exceedingly  high  pollutant  levels  during  an  extended  period  of 
zero  flowby  from  the  Potomac  River  to  the  Estuary; 

d.  the  effect  of  a  short  or  long-term  breakdown  in  the  treatment  efficiency  of  the 
Blue  Plains  Wastewater  Treatment  Plant  on  conservative  pollutants;  and, 

e.  the  variation  in  pollutant  loading  observed  with  changes  in  municipal-use 
increments  and  background  pollutant  levels. 

|  Further  additions  to  the  modeling  analysis  were  considered,  but  were  excluded,  primarily 

for  technical  reasons.  The  inclusion  of  nonpoint  source  (NPS)  and  combined  sewer 
overflow  (CSO)  loadings  was  considered  unnecessary,  as  these  effects  would  likely 
contribute  little  during  an  extended  drought.  Non-conservative  pollutants  were  aiso 
excluded  from  the  analysis,  because  of  the  questionable  accuracy  of  the  kinetic 
parameters  used  in  the  water  quality  model.  The  DEM  model  was  previously  calibrated 
for  channel  and  flow  parameters  in  the  Potomac  Estuary. 

The  version  of  the  DEM  used  to  predict  the  impact  of  the  above-listed  conditions  on 
future  water  quality  was  the  same  as  the  model  used  by  GKY  Associates  in  their  study  of 
the  Estuary.  The  following  changes  were  made  to  the  model  boundary  conditions  and  use 
parameters  for  the  alternative  conditions  modeled: 

a.  The  inflow  to  the  estuary  from  the  Potomac  River  was  varied  daily  instead  of 
monthly,  as  in  the  GKY  runs.  The  1930  observed  flows  in  Table  F-3  are  the 
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observed  flows  entering  the  estuary  at  Chain  Bridge,  from  July  to  December, 
1930,  after  the  removal  of  approximately  300  cubic  feet  per  second  (cfs)  by  the 
Dalecarlia  plant  at  that  time.  The  simulated  flows  at  Chain  Bridge  in  Table  F-3 
are  derived  from  the  1930  observed  flows  by  subtracting  450  cfs  from  the 
observed  flows,  which  is  assumed  to  be  the  amount  of  additional  water  withdrawn 
upstream  of  Chain  Bridge  by  other  water  treatment  plants  under  2030  demand 
conditions.  By  this  method,  flowby  reaches  zero  on  one  day  during  the  simulation 
(25  August),  and  remains  over  100  mgd  during  most  of  the  simulated  period. 

Inflow  from  the  Anacostia  River  is  small  compared  to  the  Potomac  flow,  and  was 
therefore  held  constant  at  20  cfs. 

b.  Total  municipal  demand  was  held  constant  at  1,550  cfs  (1,000  mgd)  during  the  six 
month  simulation  period  for  all  alternatives  modeled. 

c.  The  five-month  simulation  was  initiated  with  moderately  low  flow  conditions  on 
16  June  1930.  The  estuary  water  treatment  plant  w as  assumed  to  begin  opera¬ 
tion  on  14  August.  Water  withdrawal  was  maintained  constant  at  200  mgd  (310 
cfs)  for  the  remainder  of  the  simulation  in  all  model  runs,  ending  on 
December  15. 

d.  The  water  deficit  between  the  fixed  demand  and  the  river  plus  estuary  supplies 
was  assumed  to  be  satisfied  by  neighboring  supplies  (including  the  Dalecarlia 
plant).  Before  the  estuary  plant  began  operation,  outside  supply  equaled  the 
fixed  demand  of  1,550  cfs.  After  the  plant  began  operation  on  August  14,  the 
outside  supply  equaled  the  demand  (1,550  cfs)  minus  the  estuary  plant 
contribution  of  310  cfs,  or  1,240  cfs. 

e.  Rather  than  performing  a  separate  run  to  determine  the  initial  dissolved  solids 
concentrations  in  the  estuary  at  the  beginning  of  the  simulation,  the  initial 
conditions  provided  in  the  GKY  report  were  used.  Flowby  from  the  Potomac 
River  was  then  held  constant  from  June  16  to  July  20  at  550  cfs  in  all  runs, 
allowing  the  model  to  reach  a  steady-state  condition  before  the  drought  period 
began.  This  situation  is  a  reasonable  approximation  to  the  actual  flow  conditions 
in  the  river  and  estuary  in  1930. 

f.  Wastewater  pollutant  flux  was  computed  by  assuming  that  ten  percent  of  water 
withdrawn  from  the  river,  estuary,  and  external  sources  was  lost  to  consumption, 
and  that  the  remaining  flow  contained  a  TDS-use  increment  of  400  milligrams 
per  liter  (mg/1)  (as  used  in  the  GKY  report).  As  will  be  pointed  out  later,  model 
results  for  any  other  desired  use  increment  or  conservative  pollutant  may  be 
simply  derived  from  the  results  for  the  400  mg/1  TDS. 

g.  Potomac  River  water  and  all  outside  source  water  was  given  a  background  TDS 
level  of  180  mg/1.  Results  for  other  background  concentrations  may  be  directly 
derived  from  the  results  for  the  180  mg/1  TDS  level,  as  discussed  subsequently. 
Municipal  water  was  delayed  four  days  between  withdrawal  from  the  estuary  and 
disposal  through  the  various  waste  treatment  plants.  The  percentage  of  waste 
flow  leaving  through  each  waste  treatment  plant  was  equivalent  to  those 
percentages  used  in  the  GKY  model  runs  (the  Blue  Plains  plant  handled  over  70% 
of  waste  flow). 
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FLOWBY  AT  CHAIN  BRIDGE  DURING  18J-DAY  SIMULATION 
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Model  Results  -  Base  Conditions 
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Each  of  the  modeling  runs  performed  were  distinguished  by  the  type  of  flowby,  the 
location  of  the  water  treatment  plant  intake,  and  the  treatment  efficiency  of  the  Blue 
Plains  Wastewater  Treatment  Plant.  The  base  condition  run  assumed  1930  flows  in  the 
Potomac  River  (minus  the  300  mgd  diversion),  as  listed  in  Table  F-3.  The  plant  intake 
was  assumed  to  be  located  at  Chain  Bridge,  the  highest  point  in  the  estuary,  and  the  Blue 
Plains  plant  was  assumed  to  operate  at  zero  removal  for  TDS.  It  should  be  noted  that 
any  conservative  parameter  could  be  used  in  the  model,  and  the  results  manipulated  to 
estimate  concentrations  of  other  conservative  pollutants.  However,  TDS  was  selected 
for  tne  base  condition  run  in  order  to  determine  the  level  of  TDS  supplied  by  tidal  action 
from  the  seaward  boundary.  It  was  found  that  there  was  a  negligible  contribution  of  TDS 
from  tidal  action  under  drought  conditions  which  means  that  any  conservative  parameter 
could  be  used  in  the  model  irrespective  of  its  concentration  at  the  seaward  boundary. 

The  projected  daily  variability  in  TDS  levels  at  Chain  Bridge  and  at  Potomac  Park 
(located  intermediate  between  Chain  Bridge  and  the  Blue  Plains  plant)  are  plotted  in 
Figure  F-5  for  the  last  ninety  days  of  the  base  condition  simulation.  TDS  levels  range 
from  the  background  concentration  of  180  mg/1  to  a  high  of  447  mg/i  for  the  400  mg/1 
municipal  use  increment.  This  level  is  about  10  percent  lower  than  the  maximum 
projected  by  GKY,  primarily  due  to  the  variability  in  flowby. 

An  additional  run  of  the  model  with  a  use  increment  of  200  mg/1  showed  that  the 
additional  TDS  over  background  levels  at  any  time  was  proportional  to  the  use  increment 
used  in  the  run.  This  validates  an  equation  first  presented  in  the  GKY  study,  vis: 

Cma*  -  Sack  *  <TDSma*  -  TDSback>  *  CUI  '  ™SU. 
where  Cmax  =  maximum  concentration  of  a  conservative  pollutant 
Cback  =  back8round  concentration  of  the  pollutant 
C(j|  =  municipal  use  increment  for  each  pollutant 

This  formula  assumes  that  all  pollutants  are  conservative,  and  that  the  contribution  of 
pollutants  from  downstream  in  the  estuary  is  negligible,  as  has  been  demonstrated.  From 
this  formula,  it  is  possible  to  predict  critical  concentrations  for  any  conservative 
pollutant  given  its  background  concentration  and  municipal  use  increment. 

Table  F-4  presents  the  estimated  critical  concentrations  for  a  number  of  pollutants,  for 
the  GoY  and  3mm  base  condition  model  runs.  Background  concentrations  for  the  3MM 
results  were  derived  from  the  observed  water  quality  in  the  Potomac  River,  and  use 
increments  were  taken  as  the  difference  between  the  background  concentration  and  the 
average  concentration  observed  in  the  Blue  Plains  secondary  effluent. 

The  3Mm  maximum  projected  values  for  all  constituents  shown  in  Table  F-4  are  generally 
lower  than  the  GKY  estimates  due  to  the  lower  maximum  projected  TDS  levels.  3 MM 
estimates  exceed  GKY  estimates  for  nitrate  because  of  substantially  different  assumed 
background  levels  and  use  increments.  Values  shown  for  most  heavy  metals  are  expected 
to  be  higher  than  likely  future  levels  because  of  metal  adsorption  on  particulates  and 
subsequent  loss  to  the  sediments  under  actual  conditions. 
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BACKGROUND 


USB  INCREMENT 


MAXIMUM 

PROJECTED  LEVELS 


Parameter 

GKY 

3  MM 

GKY 

JMM 

GKY 

3  MM 

TDS 

281 

180 

400 

400 

488 

447 

Total  P 

.04 

.09 

.80 

.31 

.58 

.30 

Alkalinity 

85 

63 

100 

* 

152 

130 

Hardness 

133 

91 

100 

* 

201 

158 

Cl 

18.5 

9.4 

107 

* 

91 

81 

Na 

19.5 

8.0 

85 

* 

77 

65 

so4 

31.6 

27.2 

43 

* 

75 

56 

Ca 

41.4 

26.9 

30 

* 

62 

47 

Mg 

7.0 

5.9 

6.0 

* 

11 

9.9 

K 

3.12 

2.3 

7.0 

* 

7.8 

7.0 

Ni 

.010 

.2 

.05 

.14 

.04 

Ml 

.142 

.096 

2 

* 

.28 

.23 

Zn 

.038 

.026 

.2 

.04 

.17 

.05 

A1 

.61 

.83 

.2 

* 

.74 

.96 

Cr 

.012 

.2 

.17 

.14 

.13 

Sr 

.22 

* 

.2 

* 

.36 

.35 

Cu 

.006 

.1 

.10 

.08 

.07 

Fe 

1.67 

1.36 

.1 

* 

1.7 

1.4 

Pb 

.002 

.1 

.10 

.07 

.07 

Cd 

0 

0 

.1 

* 

.07 

.07 

Ag 

0 

0 

.02 

* 

.01 

.01 

nd3-n 

.62 

1.27 

1.2 

6.7 

1.4 

5.7 

i>H,-N 

1.0 

.06 

2.0 

1.9 

2.4 

1.3 

rtg 

INK 

0 

NR 

|NR 

*  -  Use  increments  and/or  background  concentrations  were  not  available  from 
recent  water  quality  data  for  these  parameters;  GKY  estimates  were  used 
in  combination  with  available  data  to  determine  critical  levels. 

NR  -  Not  reported  in  GKY  study. 


The  nitrified  effluent  supplied  to  the  EEWTP  was  substantially  different  in  quality  from 
the  secondary  effluent  reflected  in  the  "Projected  Levels"  column  of  Table  F-4.  The 
projected  maximum  pollutant  concentrations  in  Table  F-4  were  based  on  the  assumption 
that  secondary  effluent  from  Blue  Plains  characterized  the  average  effluent  quality 
entering  the  estuary  in  the  year  2030.  If  we  accept  the  alternative  assumption  that 
waste  treatment  plants  will  be  discharging  primarily  nitrified  effluent  in  the  year  2030, 
Table  F-4  could  be  reconstructed  using  use  increments  derived  from  the  observed 
nitrified  effluent  quality  minus  the  background  concentrations  in  Table  F-4.  Based  on 
tne  limited  data  available,  estimated  maximum  concentrations  of  TDS  and  metals  would 
be  lower  than  in  Table  F-4,  since  nitrified  effluent  is  lower  in  TDS  and  metals  than 
secondary  effluent. 

Model  Results  -  Relocation  of  Plant  Intake 

For  this  alternative  scenario,  the  model  was  run  in  essentially  the  same  way  as  for  the 
base  condition  run,  with  the  exception  that  water  for  the  recycle  plant  was  removed  at 
Potomac  Park  (estuary  segment  no.  8)  instead  of  at  Chain  Bridge.  Flowby  and  waste 
treatment  plant  efficiency  were  unchanged  from  the  base  condition  run.  In  effect,  this 
scenario  places  the  plant  intake  closer  to  the  Blue  Plains  outfall,  and  creates  a  zone  of 
"fresh"  water  at  the  head  of  the  estuary. 

Results  for  TDS  are  presented  in  Figure  F-6  for  the  last  90  days  of  the  simulated  drought 
period.  It  can  be  seen  from  Figure  F-6  that  TDS  levels  rise  gradually  to  a  maximum  near 
the  end  of  the  period,  and  then  decline  due  to  the  rapidly  increasing  flowby  at  Chain 
Bridge.  This  scenario  more  closely  resembles  a  simple  recycle  system,  due  to  the 
reduced  influence  of  flowby  on  estuary  concentrations.  Predicted  conservative  pollutant 
levels  as  function  of  maximum  TDS  for  this  run  are  presented  in  Table  F-5. 

Model  Results  -  Zero  Flowby 

In  this  run,  the  plant  intake  was  relocated  to  Potomac  Park,  as  in  the  previous  run,  and 
flowby  at  Chain  Bridge  was  artifically  set  to  zero  beginning  on  25  August  of  the  model 
year  (the  day  of  minimum  river  flow).  This  scenario  may  represent  a  sudden  interruption 
in  outside  water  supply  which  requires  overuse  of  the  Potomac  River,  or  any  other 
situation  in  which  flow  at  Chain  Bridge  is  restricted  for  a  substantial  period  of  time.  The 
resulting  TDS  levels  shown  in  Figure  F-7  indicate  the  extreme  buildup  of  TDS  during  a 
zero  flowby  period,  both  at  Chain  Bridge  and  at  the  plant  intake  near  Potomac  Park.  The 
estimates  of  maximum  concentrations  for  other  conservative  pollutants  for  this  run  are 
presented  in  Table  F-5,  along  with  the  results  from  the  previous  model  runs. 

Model  Results  -  Waste  Treatment  Plant  Breakdown 

The  possibility  of  a  substantial  release  of  a  pollutant  to  the  estuary  from  one  or  more 
waste  treatment  plants  due  to  breakdowns  during  a  drought  period  is  a  possible 
scenario.  Since  TDS  is  unaffected  during  treatment  (the  plant  operates  at  zero  removal 
efficiency),  TDS  is  not  a  suitable  parameter  to  use  for  this  analysis.  A  better  example  is 
NHj-n,  with  a  background  concentration  of  1  mg/1  and  a  use  increment  of  10  mg/1,  which 
is  assumed  to  be  removed  by  a  functioning  plant.  To  test  the  variation  of  pollutant 
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TABLE  F-5 

MAXIMUM  OBSERVED  CONSERVATIVE  POLLUTANT  CONCENTRATIONS 
AT  RECYCLE  PLANT  INTAKE  FOR  ALL  SCENARIOS 
(ALL  VALUES  IN  MG/l) 


parameter 


Intake  at 
Chain  Bridge, 
1930  Flowby 


Intake  at 
Potomac  Park, 
1930  Flowby 


Intake  at 
Potomac  Park, 
Zero  Flowby 


loading  to  the  estuary  with  changes  in  the  length  of  plant  breakdown,  the  model  was  run 
repeatedly  for  breakdown  intervals  ranging  from  5  to  110  days.  Fiowby  was  set  equal  to 
that  used  in  the  base  condition  run,  and  separate  runs  were  completed  for  the  two 
alternative  locations  of  the  recycle  plant  intake.  The  breakdown  period  was  assumed  to 
end  at  the  end  of  the  simulated  period,  for  ail  breakdown  intervals.  For  example,  for  a 
breakdown  period  of  60  days,  effluent  NH^-N  was  set  to  1  mg/1  from  the  beginning  of  the 
simulation  to  60  days  before  the  end  of  the  simulation.  On  that  day,  the  use  increment 
was  increased  from  zero  to  10  mg/1,  and  held  at  10  mg/1  to  the  end  of  the  simulation. 

Results  for  this  set  of  runs  are  presented  in  Figures  F-8  and  F-9,  for  two  locations  of  the 
recycle  plant  intake.  It  may  be  observed  from  the  figures  that  the  time  of  maximum 
concentration  varies  with  the  length  of  the  breakdown,  due  primarily  to  the  variation  in 
fiowby.  The  level  of  other  conservative  pollutants  that  would  be  observed  during  a  plant 
breakdown  depends  on  their  background  concentrations  and  the  difference  between  the 
use  increments  before  and  after  breakdown.  In  Figure  F-10,  the  maximum  predicted 
ammonia  concentration  for  each  breakdown  run  is  plotted  versus  the  length  of  the  break¬ 
down,  for  each  location  of  the  plant  intake.  This  figure  indicates  that  the  location  of  the 
intake  at  Chain  Bridge  serves  to  delay  the  effects  of  a  breakdown  for  about  40  days,  and 
that  ammonia  buildup  after  that  time  proceeds  at  about  the  same  rate  for  both  locations 
of  the  plant  intake. 

Future  Considerations 


It  was  apparent  that  a  precise  match  of  expected  and  projected  water  quality  levels  was 
not  feasible.  At  best,  the  actual  frequency  distributions  of  various  water  quality 
parameters  obtained  from  influent  monitoring  data  collected  during  the  first  year  of 
operation  could  be  compared  to  projected  values  of  these  parameters.  To  facilitate  this 
process,  the  modeling  results  presented  in  Figures  F-5,  F-6,  and  F-7  were  reorganized 
into  a  single  graph,  shown  in  Figure  F-ll.  The  curves  offered  a  simple  method  for 
determining  the  maximum  concentration  of  any  conservative  pollutant  under  each 
scenario,  given  the  background  (water  supply)  concentration  and  municipal  use  increment 
of  the  pollutant.  Any  concentration  unit  may  be  used  with  Figure  F-ll.  As  an  example, 
if  further  monitoring  of  Blue  Plains  nitrified  effluent  indicates  that  the  use  increment 
for  chloride  averages  80  mg/1,  we  can  determine  the  maximum  chloride  concentration 
the  pilot  plant  must  treat  by  finding  80  mg/1  on  the  x-axis,  and  reading  the  y-axis  value 
for  each  curve.  For  the  zero-flowby  situation,  the  y-axis  value  equals  115  mg/1,  which  is 
equal  to  the  maximum  concentration  minus  the  background  concentration.  The 
background  concentration  for  chloride  is  given  in  Table  F-4  as  9.4  mg/1.  Then,  the 
maximum  chloride  concentration  under  a  zero-flowby  situation  for  a  plant  intake  at 
Potomac  Park  would  be  124  mg/1  (115  +  9.4).  Similar  curves  for  plant  breakdown 
scenarios  are  complicated  by  the  relationship  between  the  background  concentration  and 
the  change  in  use  increment  before  and  after  breakdown,  and  as  such  are  not  plotted. 
However,  Figure  F-10  may  be  used  to  estimate  maximum  pollutant  loading  for  any 
parameter  under  plant  breakdown  conditions  if  the  background  concentation  is  small 
compared  to  the  use  increment  during  breakdown.  In  this  case,  Figure  F-10  may  be 
normalized  such  that  the  y-axis  ranges  from  the  background  level  to  background  plus  use 
increment  for  the  parameter. 
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THE  WATER  QUALITY  TESTING  PROGRAM 

The  overall  water  quality  testing  program  for  the  EEWTP  was  subdivided  into  three 
parts: 

a.  The  Routine  Water  Quality  Testing  Program, 

b.  The  Testing  Program  for  Process  Adjustment  and  Modification,  and 

c.  The  Operator  Data  Collection  System. 

The  Routine  Water  Quality  Testing  Program  (RWQTP) 

The  RWQTP  was  by  far  the  largest  program,  involving  the  most  sophisticated  analyses 
and  the  largest  number  of  samples.  The  purposes  of  the  RWQTP  were  several.  First, 
baseline  information  was  collected  on  the  influent  quality  from  the  Blue  Plains  STP,  the 
Potomac  Estuary,  and  the  blended  mixture  of  these  two  sources.  Second,  water  quality 
data  were  collected  from  three  MWA  water  treatment  plants  for  comparison  to  the 
finished  water  produced  by  the  EEWTP.  (As  discussed  earlier,  none  of  the  current 
drinking  water  standards  address  water  quality  issues  that  arise  when  a  drinking  water 
source  is  unprotected  and  subjected  to  high  levels  of  contamination.  Because  of  the  lack 
of  objective  standards  for  defining  potability,  an  alternative  procedure  was  to  compare 
the  finished  water  quality  from  the  EEWTP  to  the  finished  water  quality  produced  by 
existing  water  treatment  plants).  And  third,  water  quality  data  were  collected  from  the 
EEWTP  effluent.  With  this  broad  catalog  of  water  quality  data,  evaluations  as  to  the 
effectiveness  of  the  EEWTP  could  be  made. 

At  the  outset  of  the  testing  program,  the  RWQTP  was  operated  with  a  sampling  and 
analytical  schedule  designed  as  closely  as  possible  to  the  program  outlined  in  the 
"Statement  of  Objectives"  as  prepared  by  Malcom  Pirnie  Inc.  (Special  Study  Report,  Feb 
1979).  As  the  testing  program  progressed,  however,  the  results  were  reviewed  for 
relevancy  and  additional  or  reduced  monitoring  was  implemented  for  certain  parameters. 

The  Testing  Program  for  Process  Adjustment  and  Modification  (TPPAM) 

The  performance  of  the  standard  treatment  process  train  was  primarily  evaluated  based 
on  results  generated  under  the  RWQTP.  Several  questions,  however,  were  not  resolved 
by  the  first-year  testing  program.  These  included  the  following: 

a.  Were  the  design  criteria  used  in  the  design  of  the  EEWTP  optimum  values 
for  the  design  of  the  full-scale  plant? 

b.  Was  the  standard  process  combination  the  most  cost-effective  process 
train  for  producing  "potable"  water  from  the  Potomac  River  Estuary? 

c.  What  was  the  reliability  of  the  standard  process  sequence  when  stressed 
with  unusually  high  loadings  of  contaminants  of  health  concern? 

In  order  to  answer  these  principal  questions,  a  series  of  engineering  studies  were  being 
conducted  to  complement  the  results  of  the  RWQTP.  These  studies  were  specified  as 
part  of  the  Testing  Program  for  Process  Adjustment  and  Modification  (TPPAM). 


The  principal  objective  of  the  TPPAM  was  to  determine  the  optimum  process 
combination  and  design  criteria  for  a  future  200  mgd  emergency  estuary  water  treatment 
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plant.  Tnis  plant  should  be  capable  of  producing  a  potable  water  at  minimum  cost, 
consistent  with  requirements  for  process  reliability.  It  was  the  purpose  of  the  TPPAivl  to 
optimize  the  design  criteria,  as  well  as  to  evaluate  alternative  process  combinations.  A 
series  of  individual  studies  were  undertaken  to  evaluate  the  full-scale  plant,  to  optimize 
the  unit  processes,  and  to  investigate  possible  process  alternatives.  Table  F-6  is  a 
summary  of  the  engineering  studies  that  were  conducted. 

Operator  Data  Collection  System  (ODCS) 

Primary  Data  Collection 

The  operation  of  the  plant  was  monitored  using  two  primary  log  sheets,  the  process 
control  logs  and  the  analytical  logs. 

The  process  control  logs  required  the  operator  to  make  a  tour  of  the  plant  every  two 
hours  and  record  certain  critical  operational  data.  Some  of  the  data,  for  example,  pump 
discharge  pressures,  mixer  speeds,  and  chlorine  injector  suction  pressure  were  used  to 
check  on  the  operation  of  the  process  equipment.  The  majority  of  the  data,  however, 
were  essential  to  the  operational  data  base  and  served  as  the  recorded  value  on  process 
parameters.  Data  in  this  category  included  the  following: 

a.  Water  temperatures, 

b.  Microscreen  levels, 

c.  Microscreen  backwash  rates, 

d.  Process  flow  rates, 

e.  Head  loss  in  filters  and  carbon  columns, 

f.  Clearwell  levels, 

g.  Chemical  dosage  rates, 

h.  Filter  and  GAC  backwash  times, 

i.  On-line  turbidity  and  chlorine  residual  readings, 

j.  Sludge  pumping  frequency  and  time. 

Chemical  dosage  rates  were  checked  every  two  hours  by  measuring  the  actual  flow 
pumped  into  a  graduate  cylinder  using  a  stopwatch.  These  numbers  were  then  averaged 
to  give  a  daily  dosage  rate  calculated  in  mg/1.  A  second  check  on  chemical  dose  rates 
was  available  by  logging  in  batch  make-up  times  and  quantities  of  chemical  used  per 
batch,  such  as  polymer,  lime,  and  potassium  permanganate. 

The  analytical  log  was  a  single  data  sheet  on  which  certain  measured  parameters 
necessary  for  process  control  were  recorded.  These  parameters,  the  number  of  sites,  and 
their  frequency  of  collection,  were  as  follows: 


Parameter 

No.  of  Sites 

Frequency 

pH  6 

Every  4  hours 

Electrical  conductivity 

1 

Every  4  hours 

Turbidity 

6 

Every  2-4  hours 

Chlorine  residual 

(free/ total) 

2 

Every  4  hours 

Dissolved  oxygen 

5 

Every  24  hours 

Dissolved  oxygen 

3 

Every  12  hours 

1 
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TABLE  F-6 


SUMMARY  OF  ENGINEERING  STUDIES 
STUDY  _ OBJECTIVES 


1.  Individual  Processes  Perfor¬ 
mance  Evaluation 

2.  Optimization  of  Granular 
Activated  Carbon  (GAC) 


3.  Optimization  of  Coagulation 
Chemistry 

4.  Optimization  of  Disinfection 

5.  Control  of  Volatile  Organics 

6.  By-Product  Formation  during 
Chlorination 

7.  Process  Reliability 

8.  Cost  Projection  -  200  mgd  Plant 


Determine  performance  of  each  process;  optimize 
operation  for  maximum  removals,  minimum  cost. 

Determine  optimum  process  design  criteria  for 
GAC  (pretreatment,  carbon  type,  bed 
depth,  superficial  velocity). 

Evaluate  effectiveness  of  alum/polymer 
combinations  and  coagulants  other  than 
alum  for  removal  of  particulates  and  total  organic 
carbon  (TOC). 

Evaluate  relative  efficiency  of  disinfectants  with 
respect  to  microbial  control,  formation  of  by¬ 
products. 

Determine  feasibility  of  air  stripping  for 
control  of  volatile  organics. 

Determine  expected  levels  of  TriM/TOX  due  to 
chlorination  under  varying  water  quality  conditions. 

Determine  response  of  various  treatment  process 
combinations  to  variable  influent  water  quality 
(spiking  studies). 

Determine  capital  and  0<5cM  costs  for  200  mgd 
plant. 
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Both  pH  and  turbidity  were  measured  with  instruments  on  the  operator's  lab  bench  in  the  plant. 
These  instruments  were  calibrated  prior  to  each  set  of  runs  and  were  routinely  checked  for 
compatabiiity  with  the  laboratory  instruments  every  several  days.  The  electrical  conductivity, 
chlorine  residual,  and  dissolved  oxygen  readings  were  measured  in  the  laboratory. 

All  data  on  the  analytical  log  were  entered  into  the  computer  directly  from  the  log  sheet.  For 
ODCS  purposes,  daily  averages  were  computed  and  entered  onto  a  monthly  summary  sheet. 

Special  Logs 

The  following  series  of  special  logs  were  also  maintained  as  part  of  the  plant  operation  process: 

a.  Flow  totalizer  logs  -  once  per  day,  at  a  specified  time,  the  main  process  flow 
totalizers  were  read  and  the  flow  for  the  previous  24  hours  computed.  These  numbers 
served  as  the  basis  for  computing  all  daily  flow  averages. 

b.  Equipment  run  time  log  -  this  sheet  recorded  any  process  equipment  down-time  and 
tabulated  the  number  of  hours  that  a  particular  piece  of  equipment  had  been  run  during 
the  past  24  hour*-.  Once  per  week  all  of  the  equipment  hour-meters  were  read  as  a 
second  check  on  equipment  run-times. 

c.  Oar  test  log  -  every  day,  jar  tests  were  run  once  or  twice  to  determine  optimal 
coagulant  dose.  Chemical  dosages  were  changed  based  on  the  jar  test  results  for 
turbidity  and  total  organic  carbon  (TOC)  removal. 

d.  Engineering  tests  -  as  required  for  special  tests  or  special  data,  additional  log  sheets 
were  sometimes  used  for  short  periods. 

e.  Operator's  log  book  -  all  unusual  occurrences,  special  duties,  and  other  important 
events  were  recorded  in  a  daily  log  book. 

Data  Summary  Log 

Each  morning  the  previous  day's  data  were  reviewed  and  recorded  on  a  summary  data  sheet. 
Important  data  in  this  log  included  the  following: 

a.  Clearwell  levels, 

b.  Flows  through  each  unit  processes— recorded  as  gallons  per  24  hours, 

c.  Flow  losses— through  backwashing,  sludge  withdrawal, 

d.  Chemical  dosages  in  mg/1  and  lbs/day, 

e.  Filter  and  carbon  column  backwash  data, 

f.  Microscreen  operational  data, 

g.  Temperature,  and 

h.  Pounds  of  sludge  pumped. 

A  remarks  section  was  provided  so  any  unusual  operational  occurrences,  such  as  disruptions  or 
down-time  could  be  recorded.  The  summary  log  served  as  the  basis  for  nearly  all  of  the 
engineering  review  of  the  processes  on-line.  This  log  was  eventually  incorporated  into  the 
computer  data  base. 


Overview 


A  schematic  representation  of  the  ODCS  is  shown  in  Figure  F-12.  This  chart  shows  the 
interaction  of  the  data  system  and  illustrates  the  degree  of  redundance  available.  For 
the  important  parameters,  there  were  at  least  two  independent  checks  on  the  actual 
numbers  recorded  in  the  data  file. 

RESULTS  OF  THE  TESTING  PROGRAM 

The  overall  objective  of  the  EEWTP  project,  as  specified  by  the  U.S.  Congress  in  the 
Water  Resources  Development  Act  of  1974,  PL.  93-251,  was  to  evaluate  the  technical 
feasibility  of  using  the  Potomac  River  Estuary  as  a  supplemental  water  supply  source  for 
the  Metropolitan  Washington  Area  to  meet  potential  water  shortages  that  might  occur 
under  severe  drought  conditions. 

This  section  presents  the  results  of  this  evaluation,  based  on  the  two  years  of  water 
quality  monitoring  at  the  EEWTP.  Three  treatment  process  combinations  were 
investigated  during  the  two-year  monitoring  program  as  summarized  in  Table  F-7.  The 
key  issues  addressed  by  the  EEWTP  project  were  as  follows: 

1.  Selection  of  appropriate  blend  of  treated  wastewater  and  Potomac  River 
Estuary  water  for  the  EEWTP  influent  to  simulate  the  estuary  water  quality 
expected  under  drought  conditions. 

2.  Suitability  for  human  consumption  of  the  finished  water  produced  by  the 
treatment  combinations  monitored  at  the  EEWTP. 

3.  Process  performance  and  process  reliability  of  the  selected  treatment 
combinations  monitored  during  the  two-year  program  with  respect  to  control  of 
those  water  quality  parameters  known  to  affect  the  aesthetic  quality  of  the 
finished  water  and  known  or  suspected  to  pose  health  risks  to  consumers. 

Issue  1:  Selection  of  Influent  Water  Quality 

An  equal  blend  of  nitrified  treated  wastewater  and  Potomac  River  Estuary  water  was 
selected  to  simulate  the  expected  water  quality  conditions  in  the  Potomac  River  Estuary 
at  Chain  Bridge,  under  1930  drought  conditions  with  projected  water  supply  demands  for 
the  year  2030.  The  50:50  blend  was  found  to  be  a  conservative  simulation  of  expected 
water  quality  in  the  estuary  at  Chain  Bridge,  based  on  a  comparison  of  water  quality 
predictions  developed  by  the  Dynamic  Estuary  Model  (DEM),  and  the  water  quality 
observed  in  the  blended  influent. 

Issue  2:  Evaluation  of  Finished  Water  Quality 

Within  the  limits  of  analytical  techniques  used  on  this  project,  the  process  combinations 
tested  in  the  EEWTP  (see  Table  F-7)  were  shown  to  be  capable  of  producing  a  finished 
water  of  quality  suitable  for  human  consumption.  For  several  water  quality  parameters, 
levels  in  the  EEWTP  exceeded  the  highest  levels  observed  in  the  finished  waters  of  three 
major  local  water  treatment  plants  in  the  MWA.  For  most  of  these  parameters  the 
potential  increase  in  health  risks  was  judged  to  the  negligible.  Conclusions  regarding  the 
suitability  of  finished  water  quality  for  each  of  the  key  water  quality  parameters  are 
presented  below  by  parameter  group. 
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TABLE  F-7 


PHASE 
Phase  IA 

Phase  IB 

Phase  HA 


SUMMARY  OF  EEWTP  PROCESS  COMBINATIONS 
PROCESSES 


Alum  coagulation,  flocculation,  sedimentation, 
intermediate  disinfection  with  chlorine,  dual¬ 
media  gravity  filtration,  granular  activated 
carbon  (lignite  based  with  15  minute  empty- 
bed  contact  time),  free  chlorine  disinfection. 

As  above,  with  ozone  in  place  of  chlorine  as 
intermediate  oxidant/disinfectant 


Lime  coagulation,  flocculation,  sedimentation 
recar bonation,  dual-media  gravity  filtration, 
granular  activated  carbon  (bituminous  based 
carbon,  30  minute  empty-bed  contact  time), 
ozone  disinfection,  chloramine  disinfection. 


DURATION 

16  March  1981  to 
16  March  1982 
(52  weeks) 


17  March  1982  to 
7  July  1982 
(15  weeks) 

17  July  1982  to 
1  February  1983 
(28  weeks) 


i 
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Physical-Aesthetic  Parameters 

The  key  physical-aesthetic  water  quality  parameters  included  turbidity,  color,  odor,  and 
pH,  parameters  that  have  been  included  in  either  the  federal  primary  or  secondary 
drinking  water  regulations. 

The  three  treatment  process  combinations  monitored  (Phases  IA,  IB  and  IIA)  produced  a 
finished  water  quality  that  rarely  exceeded  the  maximum  contaminant  levels  (MCL)  for 
turbidity  and  color,  but  frequently  exceeded  the  MCL  for  odor.  Levels  of  pH  were  lower 
than  the  standard  during  the  first  few  months  of  operation  during  Phase  IA. 

Geometric  mean  values  of  turbidity  in  the  finished  waters  were  significantly  less  than 
the  highest  turbidity  level  in  one  of  the  local  water  treatment  plants. 

Odor  levels  during  the  alum  phase  of  operation  exceeded  the  secondary  MCL  threshold 
odor  number  of  3  in  more  than  95  percent  of  the  samples.  Odor  values  were  generally 
comparable  to  levels  observed  in  the  local  water  treatment  plants,  however,  although  the 
mean  value  exceeded  the  highest  mean  odor  level  in  the  local  plant. 

The  Phase  IIA  process  reduced  the  odor  levels  considerably,  with  the  mean  value  during 
this  phase  of  operation  being  significantly  less  than  the  highest  off-site  plant.  Odor 
levels  during  this  phase  did  not  exceed  levels  as  the  local  plants  at  any  percentile  of  the 
sample  population. 

Anions,  Major  Cations  and  Nutrients 

This  parameter  group  included  eighteen  inorganic  parameters,  one  of  which  is  included  in 
the  primary  drinking  water  regulations  (nitrate),  and  three  of  which  are  included  in  the 
secondary  regulations  (chloride,  sulfate,  total  dissolved  solids  (TDS)).  Sodium  and 
cyanide  are  also  incuded  in  this  group,  two  parameters  currently  being  considered  for 
inclusion  in  the  regulations  because  of  potential  adverse  health  effects. 

Hypothesis  testing  was  used  to  determine  if  the  geometric  mean  values  of  the  para¬ 
meters  from  the  EEWTP  compared  to  the  highest  value  observed  in  the  local  plants  were 
significantly  different  at  a  five  percent  (0.05)  level  of  significance. 

In  general,  the  finished  water  quality  from  the  EEWTP  during  all  phases  of- operation 
exhibited  higher  levels  of  all  the  parameters  included  in  this  group,  a  consequence  of  the 
contribution  of  the  treated  wastewater  to  the  quality  of  the  blended  influent,  and  the 
inability  of  the  process  combinations  tested  to  remove  these  dissolved  salts. 

The  levels  of  nitrate  in  the  EEWTP  finished  waters  occasionally  exceeded  the  primary 
MCL  of  10  mg/l-N  (3  percent  of  the  samples).  In  all  cases,  this  occurred  when  the 
blended  influent  consisted  of  nitrified  effluent  only. 

Nitrate  levels  in  the  EEWTP  finished  waters  were  significantly  higher  than  values 
observed  in  the  local  water  treatment  plants.  The  90th  percentile  values  of  nitrate 
observed  during  the  three  phases  of  operation  reached  levels  of  9  mg/l-N,  compared  to 
the  primary  standard  of  10  mg/l-N.  The  90th  percentile  values  observed  also  match  the 
maximum  projected  value  of  nitrate  expected  in  the  estuary  under  drought  conditions. 


F-45 


Because  these  high  values  would  provide  almost  no  safety  factor  for  this  parameter 
compared  to  the  MCL,  the  observed  levels  of  nitrate  represent  a  potential  health  issue 
should  an  estuary  plant  be  constructed. 

The  mean  values  of  those  parameters  of  health  or  aesthetic  significance  in  this 
parameter  group  were  significantly  greater  than  the  highest  mean  value  observed  in  the 
local  water  treatment  plants.  These  parameters  included  total  dissolved  solids,  sulfate, 
chloride,  and  sodium.  Cyanide  levels  in  the  EEWTP  were  low  (  <  0.003  mg/1)  and  not 
significantly  different  from  the  local  water  treatment  plants.  The  levels  of  sodium 
exceeded  the  suggested  criteria  of  20  mg/1,  but  the  observed  levels  were  similar  to 
median  values  observed  in  water  systems  in  the  U.S.  Thus,  no  adverse  health  effects  are 
anticipated. 

Trace  Metals 

Twenty-four  individual  metals  were  included  in  this  parameter  group,  eight  of  these 
being  included  in  the  primary  regulations  (arsenic,  barium,  cadmium,  chromium,  lead, 
mercury,  selenium,  and  silver)  and  four  in  the  secondary  regulations  (copper,  iron, 
manganese,  and  zinc). 

For  those  metals  of  health  or  aesthetic  significance,  the  mean  values  in  the  EEWTP 
finished  waters  during  one  or  more  of  the  operational  phases  exceeded  the  highest  mean 
value  observed  in  the  local  plants  for  the  following  metals:  mercury,  manganese,  nickel, 
and  zinc.  The  observed  concentration  levels  for  mercury  were  below  MCLs,  however, 
and  not  considered  to  pose  increased  health  risks.  Mean  mercury  levels  during  Phase  IIA 
operations  were  reduced  below  the  highest  mean  observed  in  the  local  water  treatment 
plant. 

With  the  exception  of  mercury,  concentrations  of  metals  in  the  EEWTP  finished  waters 
never  exceeded  the  specified  maximum  contaminant  levels.  Only  during  Phase  IA 
operation  did  the  mercury  levels  exceed  the  MCL  (three  samples  or  about  1  percent  of 
the  total  sample  taken).  Following  application  of  revised  pH  control  within  the  process 
combination,  the  mercury  levels  were  maintained  well  below  the  MCL.  Potantial  health 
concerns  because  of  the  presence  of  mercury  are  considered  to  be  negligible. 

During  the  Phase  IA  operation,  the  secondary  MCL  for  manganese  was  exceeded  in  34 
percent  of  the  samples.  Oxidant  addition  (permanganate  and  ozone)  adjustments  to  pH 
control  were  successful  in  reducing  manganese  levels  below  the  MCL. 

Radiological  Parameters 

The  monitored  radiological  parameters  included  gross  alpha,  gross  beta,  tritium  and 
strontium-90,  all  of  which  are  included  in  the  NIPDWR.  Levels  of  these  parameters  in 
the  finished  waters  from  the  EEWTP  never  exceeded  the  federal  MCLs.  Gross  beta 
radionuclides  in  the  finished  waters  from  the  EEWTP  were  significantly  greater  than  the 
levels  observed  in  the  local  water  treatment  plants.  Levels  of  strontium-90  and  tritium 
were  well  below  the  MCLs,  however,  and  presumed  not  to  cause  any  measurable  increase 
in  health  risks. 


Microbiological  Parameters 

This  parameter  group  consisted  of  seven  parameters  (viruses,  parasites,  salmonella 
bacteria,  endotoxin,  standard  plate  count,  and  fecal  and  total  coliform),  with  only  the 
total  coliforms  included  in  the  primary  drinking  water  regulations.  All  of  these 
parameters,  however,  have  known  or  potential  acute  health  effects  when  ingested  in 
drinking  water. 

Although  detected  in  the  blended  influent,  no  viruses,  parasites  or  salmonella  bacteria 
were  detected  in  the  finished  waters  produced  by  the  EEWTP.  Standard  plate  count 
levels  were  generally  low  !n  the  EEWTP  finished  waters  (media  value  less  than  1  colony/- 
ml),  during  all  phases  of  operation.  Levels  were  significantly  lower  than  the  highest 
observed  values  in  the  local  water  plants,  and  well  below  the  National  Research  Council 
recommended  level  of  less  than  100  colonies/ml  for  treated  waters  obtained  from  heavily 
contaminated  sources. 

During  Phase  IA  operation,  fecal  and  total  coliform  levels  in  the  EEWTP  finished  waters 
exceeded  the  levels  observed  in  the  local  water  plants.  Although  total  coliform  levels 
never  exceeded  the  MCL  of  MPN/100  ml,  positive  coliform  counts  were  observed  in  over 
70  percent  of  the  samples.  These  results  were  due  primarily  to  the  presence  of  high 
ammonia  concentrations  and  the  use  of  insufficient  quantities  of  chlorine  during  the  first 
four  months  of  the  alum  phase  of  operation.  Improved  process  performance  after  the 
first  four  months  of  operation  reduced  the  coliform  levels  below  the  NRC  recommenda¬ 
tion  for  acceptable  coliform  levels  in  water  taken  from  a  contaminated  source.  The 
Phase  HA  operation  reduced  the  EEWTP  fecal  and  total  colifcrm  levels  below  the  highest 
values  observed  in  the  local  water  plants. 

Trace  Organics  Parameters 

Of  the  14  targeted  organic  compounds  specifically  monitored  in  this  parameter  group, 
only  seven  compounds  (4  pesticides,  2  herbicides  and  total  trihalomethanes)  are  included 
in  the  primary  drinking  water  regulations.  Another  six  volatile  organic  chemicals  are 
currently  under  consideration  for  inclusion  in  the  regulations.  Organics  analyses 
conducted  in  this  project  were  conveniently  organized  into  three  categories:  (1)  surro¬ 
gate  parameters,  (total  organic  carbon,  and  total  organic  halide),  (2)  targeted  organic 
compounds  (compounds  targeted  for  analysis  using  standards  for  confirmed  identification 
and  quantitation)  and  (3)  secondary  compounds  (tentative  identification,  approximate 
quantitation). 

Generally,  the  observed  levels  of  all  monitored  organic  compounds  in  the  EEWTP  finished 
waters  were  comparable  to  or  lower  than  values  observed  in  the  finished  water  from  the 
local  water  treatment  plants.  The  MCLs  for  pesticides  and  herbicides  were  never 
exceeded  in  any  of  the  finished  waters.  Three  of  the  six  regulated  pesticides  and 
herbicides  were  detected  in  the  EEWTP  finished  waters,  but  only  on  three  occasions,  and 
at  levels  below  the  method  detection  limit.  Total  trihalomethanes  in  the  EEWTP  finished 
waters  never  exceeded  the  values  observed  in  the  local  water  treatment  plants  with 
mean  values  significantly  less  than  at  all  three  plants. 

For  all  other  targeted  organic  compounds,  only  13  compounds  were  quantified  frequently 
enough  to  permit  quantitative  estimates  of  sample  population  statistics.  With  t  ie 
exception  of  total  trihalomethanes,  the  estimated  geometric  means  of  the  other 
quantified  compounds  were  less  than  1  ug/L  (1  part  per  billion).  The  number  of  targeted 
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and  non-targeted  (secondary)  organic  compounds  detected  at  least  once  in  the  finished 
waters  were  observed  to  be  lower  in  the  EEWTP  finished  water  than  in  the  local  water 
treatment  plants.  Total  organic  halide,  a  measure  of  the  total  quantity  of  halogenated 
organic  compounds  in  the  finished  waters,  was  lower  in  the  EEWTP  finished  waters  than 
in  the  locai  f inshed  waters  by  a  factor  of  three  to  ten.  Lowest  values  were  observed 
during  the  Phase  DA  process,  due  to  the  elimination  of  free  chlorine  from  the  process, 
and  the  lower  loading  of  organics  on  the  GAC  process. 

Based  on  the  observed  concentration  levels  of  the  targeted  trace  organic  compounds  in 
the  finished  waters  from  the  EEWTP,  it  was  concluded  that  the  water  quality  produced 
by  all  three  process  combinations  would  pose  negligible  health  risks  with  respect  to  those 
organic  compounds  which  could  be  detected  and  quantified  by  the  techniques  used  on  this 
project,  and  for  which  health  risk  data  were  available.  Compounds  in  this  category 
include  chloroform,  tetrachloroethene,  trichlorethene,  benzene  toluene,  1,  2  - 
dichloroethane,  carbon  tetrochloride,  vinyl  chloride,  and  1,  1,  1,  -  trichlorethane. 

Because  only  a  small  fraction  of  the  organic  compounds  included  in  total  organic  carbon 
and  total  organic  halide  measurement  can  be  detected  by  currently  available  analytical 
instrumentation,  it  is  not  possible  to  evaluate  the  absolute  risks  associated  with  ingestion 
of  the  water  produced  by  the  EEWTP. 

Toxicological  Parameters 

The  two  toxicological  parameters  monitored  in  the  EEWTP  project  included:  The  Ames 
Salmonella  microsome  test  and  the  mammalian  cell  transformation  test.  These  tests 
represented  two  of  the  four  tests  recommended  by  the  NRC  committee  on  Water  Quality 
Criteria  for  Reuse  for  determination  of  the  relative  safety  of  a  drinking  water  for  human 
consumption,  regardless  of  the  source  water  quality.  Neither  of  these  parameters  are 
currently  regulated.  In  addition,  the  absolute  values  of  the  test  results  cannot  currently 
be  used  to  estimate  potential  health  risks.  In  addition,  it  was  difficult  to  compare  results 
observed  on  this  project  with  values  reported  in  other  finished  drinking  waters  because  of 
variabilities  in  sampling  and  analytical  protocals.  Thus,  only  results  based  on 
comparisons  between  sampling  sites  specific  to  this  project  can  be  discussed. 

Positive  Ames  assay  results,  as  measured  by  either  the  specific  activity  or  the  mutagenic 
ratio,  were  observed  in  the  finished  waters  from  both  the  EEWTP  and  the  local  water 
treatment  plants.  However,  the  number  of  positive  assays  in  both  Salmonella  tester 
strains  (TA  98  and  TA  100)  was  lower  in  all  of  the  EEWTP  finished  waters  than  in  the 
local  water  plants,  based  on  more  than  twenty-five  assays  during  the  Phase  IA  process 
and  more  than  twenty  assays  during  the  Phase  HA  process. 

Although  positive  assay  results  were  observed  in  the  EEWTP  finished  waters  the  health 
implication  of  these  results  are  unknown.  However,  because  the  observed  levels  of 
mutagenic  activity  were  so  low,  it  was  concluded  that  the  water  quality  produced  by  the 
EEWTP  during  all  phases  of  operation  was  relatively  safe  and  therefore  suitable  for 
human  consumption  based  on  the  Ames  test. 

Median  values  for  the  specific  activities  (revertants/1)  in  the  EEWTP  during  all  phases  of 
operation  were  slightly  lower  than  values  observed  in  the  local  plants  for  both  Salmonella 
tester  strains.  These  results  again  indicate  the  relative  suitability  of  the  finished  waters 
for  human  consumption. 
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Ol  the  23  to  25  mammalian  cell  transformation  assays  completed  at  each  finished  water 
site,  three  samples  in  the  EEWTP  finished  waters  and  one  to  three  samples  in  each  of  the 
local  water  plants  (six  total)  were  positive  for  transformation  activity.  Where  positive 
assays  were  observed,  the  number  of  transformed  cells  were  always  low,  indicating  that 
the  waters  contained  few  compounds  capable  of  causing  a  carcinogenic  response  in  the 
mouse  cell  line  tested  based  on  the  concentration  and  assay  protocais  used  in  this 
project.  Based  on  the  comparative  results  of  the  mammalian  assay,  it  was  concluded 
that  the  EEWTP  finished  water  would  be  relatively  safe  for  human  consumption, 
compared  to  drinking  water  currently  provided  to  the  residents  of  the  MWA. 

Issue  3;  Process  Performance 

Three  distinct  treatment  process  combinations  (see  Table  F-7)  were  evaluated  during  the 
two-year  operation  of  the  EEWTP  as  to  their  technical  feasibility  for  producing  a  water 
suitable  for  human  consumption.  Each  process  combination  was  monitored  extensively, 
to  determine  the  capabilities  of  individual  processes  for  controlling  water  quality 
parameters  with  known  or  suspected  health  effects. 

The  Phase  IA  process  combination  was  demonstrated  to  be  a  technically  feasible  process 
combination  for  producing  a  finished  water  with  acceptable  quality,  provided  thar 
appropriate  levels  of  process  chemicals  were  added  to  maintain  target  pH  levels, 
following  coagulation  and  target  free  chlorine  residual  levels  following  final 
disinfection.  The  finished  water  from  the  Phase  IA  process  combination  exhibited  three 
water  quality  problems,  compared  to  the  finished  water  quality  in  the  local  water 
treatment  plants;  high  odor  levels,  high  manganese  levels,  and  high  total  coliform 
levels.  To  reduce  total  coliform  to  acceptable  levels  free  chlorine  residual  greater  than 
3  mg/1,  following  60  minute  contact,  was  required.  To  control  soluble  manganese  levels 
below  the  secondary  maximum  contaminant  level,  pH  control  combined  with  an  oxidant 
(potassium  permanganate  or  ozone)  was  required.  High  odor  levels  in  Phase  IA  were 
reduced  by  maintaining  the  pH  of  the  finished  water  above  7. 

Defining  process  reliability  as  the  ability  of  any  process  combination  to  produce  a  water 
quality  in  which  the  ratio  of  the  maximum  contaminant  level  to  the  90  percentile  value  is 
at  least  greater  than  two,  the  Phase  IA  process  combination  was  demonstrated  to  have 
acceptable  process  reliability  for  most  parameters  included  in  the  primary  or  secondary 
standards  with  the  exception  of  odor,  manganese,  nitrate,  and  total  dissolved  solids 
(TDS).  For  nitrate  and  TDS,  demineralization  processes  such  as  reverse  osmosis  would  be 
required  to  improve  process  reliability  if  additional  safety  factors  were  deemed 
necessary  for  these  parameters  because  of  the  contaminated  nature  of  the  source. 

In  the  second  process  combination  tested  (Phase  IB),  ozone  in  place  of  chlorine  following 
sedimentation  was  able  to  improve  process  reliability  for  manganese.  The  reliabillity 
ratio  increased  above  two  compared  to  0.5  during  Phase  IA.  Use  of  the  target  free 
chlorine  residual  also  significantly  improved  the  process  reliability  for  reduction  of  total 
coliforms.  The  Phase  IB  process  was  demonstrated  to  be  a  technically  feasible  process 
when  treating  an  influent  water  of  the  quality  observed.  However,  the  process 
combination  would  not  be  capable  of  controlling  ammonia  prior  to  final  disinfection 
which  could  inhibit  the  efficiency  of  final  free  chlorine  disinfection  and  could  lead  to 
unacceptable  levels  of  total  coliform  in  the  finished  water.  Thus,  this  process  was  not 


considered  to  be  sufficiently  reliable  for  producing  a  water  quality  acceptable  for  human 
consumption  under  influent  water  quality  condictions  similar  to  that  observed  during  a 
full  year  of  operation. 

The  Phase  IIA  process  combination  was  demonstrated  to  be  a  technically  feasible  process 
combination  for  producing  a  finished  water  with  acceptable  water  quality,  under  all 
observed  influent  water  quality  conditions,  and  all  operating  conditions  tested.  Process 
reliability  for  the  Phase  DA  process  was  superior  to  that  demonstrated  for  the  Phase  IA 
and  IB  processes  with  respect  to  total  coliforms  and  manganese.  Odor  levels  in  Phae  IIA 
were  also  lower  than  observed  in  the  alum  processes,  but  levels  still  exceeded  the 
secondary  MCL  threshold  odor  number  of  3.  The  high  odor  levels  were  attributed  to  the 
conditions  of  analytical  test,  expecially  with  respect  to  the  sensitivity  of  the  odor 
panel.  _  The  odor  levels  in  the  finished  water  from  Phase  IIA  were  lower  than  the  highest 
levels  in  the  local  water  plants,  for  most  percentiles  of  the  sample  distribution. 

DESIGN  AND  COST  OF  FULL  SCALE  ESTUARY  PLANT 

In  the  original  concept  for  an  estuary  water  treatment  plant  presented  in  the  NEWS 
Study,  an  estuary  treatment  plant  was  proposed  to  be  located  near  Chain  Bridge,  which  is 
the  point  in  the  Potomac  River  where  the  estuary  begins;  The  estuary  treatment  plant 
was  considered  to  be  a  separate  water  treatment  plant  using  the  estuary  as  a  raw  water 
source  and  with  two  alternatives  for  use  of  the  finished  water:  1)  pumping  the  finished 
water  upstream  along  the  Potomac  River  and  releasing  into  the  river  several  miles  above 
current  water  intakes;  and,  2)  pumping  the  finished  water  directly  to  distribution  points 
within  the  MWA  utilizing  existing  distribution  systems. 

The  details  of  this  proposed  estuary  water  treatment  plan  are  uncertain  at  this  time. 
Because  of  the  current  water  situation,  which  indicates  that  no  serious  shortages  are 
likely  to  occur  until  well  into  the  next  century,  the  proposed  estuary  water  treatment 
plant  remains  hypothetical  in  many  respects.  Based  upon  these  uncertainties,  it  was 
necessary  in  designing  and  estimating  the  cost  of  the  full-scale  plant  to  make  certain 
reasonable  assumptions.  These  assumptions  are  discussed  below.  The  assumptions 
pertain  to  the  water  source,  plant  capacity,  operational  strategy,  and  facilities  included 
in  the  cost  estimates  presented.  The  assumptions  do  not  affect  on  the  actual  estimated 
costs  of  the  treatment  processes  themselves. 

As  mentioned,  design  details  and  cost  estimates  for  the  treatment  processes  were  based 
on  EEWTP  results  and  accepted  engineering  practice.  The  estimated  costs  presented  for 
the  treatment  configurations,  therefore,  adequately  reflect  the  full-scale  treatment 
costs  of  the  treatment  processes  associated  with  producing  the  water  qualities  previously 
discussed. 

Water  Source 


For  the  purposes  of  the  cost  estimate,  it  was  assumed  that  the  intake  for  the  estuary 
treatment  plant  would  be  at  Chain  Bridge,  the  point  in  the  river  exhibiting  the  highest 
water  quality  in  the  estuary  under  drought  conditions.  The  predicted  water  quality  under 
drought  conditions  at  Chain  Bridge  was  also  the  basis  for  selection  of  the  equal  mix  of 
nitrified  wastewater  effluent  and  river  water  used  as  the  influent  to  the  EEWTP. 


The  cost  estimates  presented  in  this  section  are  based  upon  the  two  major  treatment 
process  configurations  (Phase  IA  and  HA)  which  were  examined  in  detail  the  two  years  of 
operation  of  the  EEWTP.  It  is  assumed  that  a  200  mgd  hypothetical  plant  would  be 
operated  at  100  percent  capacity  for  365  days  a  year.  Under  normal  cost  estimating 
procedures,  operational  levels  for  a  water  treatment  plant  would  be  selected  at  70 
percent  of  the  maximum  hydraulic  capacity.  In  this  case,  however,  costs  were  developed 
primarily  based  on  conservative  estimates  of  the  costs  of  such  a  proposed  estuary  water 
treatment  plant.  The  cost  estimates  also  did  not  account  for  the  possibility  that  either 
the  entire  water  treatment  plant  or  portions  of  the  water  treatment  plant  would  not  be 
operated  every  day  of  the  year,  as  opposed  to  operating  only  under  drought  conditions. 
Operationally,  it  was  assumed  that  treatment  processes  were  used  and  operated  to 
produce  a  finished  water  that  could  be  distributed  directly  to  consumers  via  existing 
distribution  systems.  This  finished  water  produced  at  the  EEWTP  was  compared  with 
drinking  water  standards  and  with  the  finished  waters  of  other  water  treatment  plants. 

If  an  estuary  water  treatment  plant  were  ever  built  and  operated,  the  water  from  the 
estuary  plant  could  be  blended  with  the  existing  finished  waters  from  water  treatment 
plants  in  the  area  or  couid  serve  as  the  raw  water  supply  for  other  water  treatment 
plants.  Either  situation  could  change  the  quality  of  the  water  from  the  estuary  water 
treatment  plant  before  it  reached  a  consumer. 

Facilities  Included  in  Cost  Estimates 

The  cost  estimates  presented  for  a  200  mgd  estuary  water  treatment  plant  were  based  on 
the  design,  construction,  and  operation  of  a  water  treatment  plant  consisting  of  the 
treatment  processes  demonstrated  at  the  EEWTP.  Two  cost  estimates  were  provided, 
one  for  each  of  the  major  process  configurations  demonstrated.  Because  of  the 
hypothetical  nature  of  the  full-scale  estuary  water  treatment  plant,  it  was  not  practical 
to  include  estimated  costs  for  several  parts  of  a  complex  estuary  water  treatment  plant 
should  it  ever  be  built.  Due  to  the  unknown  exact  location  of  the  full-scale  plant  and  the 
unknown  operating  philosophy,  the  following  facilities  were  excluded  from  the 
cost  estimates:  intake  structure,  intake  pumping  station,  finished  water  pumping  station, 
finished  water  reservoirs,  finished  water  distribution  piping,  land  purchase,  and  site 
preparation  other  than  basic  clearing  and  grading. 

The  costs  for  these  facilities  would  substantially  increase  the  cost  of  a  complete  estuary 
water  treatment  plant.  However,  the  estimated  costs  presented  were  reflective  of  the 
treatment  costs  necessary  to  produce  a  finished  water  of  the  quality  discussed  earlier 
using  a  raw  water  source  similar  to  that  anticipated  from  the  estuary  under  drought 
conditions. 

Alum/GAC/Chlorine  Process  (Phase  IA) 

The  first  of  two  process  combinations  evaluated  at  the  EEWTP  to  be  the  basis  for  full- 
scale  200  mgd  cost  estimation  was  the  process  combination  described  as  Phase  IA  in 
Table  F-7.  The  process  combination  included  the  following  treatment  processes: 
coagulation  with  alum  polymers,  sedimentation,  gravity  filtration,  adsorption  on  granular 
activated  carbon,  chlorination,  and  solids  handling  and  disposal.  Although  surface 
aeration  and  microscreening  were  also  studied  during  Phase  IA,  they  were  not  included  in 
the  design  of  the  full-scale  plant  because  operating  results  did  not  indicate  sufficient 
benefit  to  warrant  inclusion. 
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Also  included  in  a  full-scale  plant  would  be  two  additonal  chemical  feed  systems. 
Permanganate  would  be  added  as  a  chemical  oxidant  at  the  front  end  of  the  plant  and 
lime  would  be  added  for  pH  and  corrosion  control.  Based  upon  limited  bench-scale 
testing  and  on  review  of  accepted  practice  in  sludge  handling  and  disposal,  processes 
were  included  in  the  full-scale  plant  design  for  sludge  thickening  and  dewatering.  Final 
sludge  disposal  would  be  by  landfill. 

This  process  combination  is  not  unique  to  the  water  treatment  industry.  Alum/polymer 
coagulation  is  widely  used  for  chemical  clarification.  Permanganate  addition  is  often 
used  to  oxidize  a  variety  of  substances  in  water,  including  manganese  which  was  of 
concern  in  the  operation  of  the  EEWTP.  Chlorination  is  the  most  commonly  used 
disinfectant  in  the  U.S.  The  intent  of  this  process  combination  was  to  have  a  free 
chlorine  residual.  Even  when  ammonia  is  present  in  the  raw  water,  breakpoint 
chlorination  can  yield  the  desired  free  chlorine  residual.  Although  granular  activated 
carbon  (GAC)  is  not  widely  used  in  water  treatment  in  the  U.S.,  it  has  been  successfully 
used  in  plants  where  organic  compounds  are  of  concern.  The  GAC  process  included  a 
lignite  based  carbon  and  had  an  EBCT  of  fifteen  minutes.  Gravity  thickening  and 
centrifugation  were  proven  and  accepted  means  of  slude  handling.  In  summary,  this 
process  combination  employed  proven  water  treatment  processes. 

Lime/GAC/Oj/Chloramine  Process  (Phase  HA) 

The  second  of  two  prcess  combinations  evaluated  at  the  EEWTP  to  be  the  basis  for  full- 
scale  200  mgd  cost  estimation  was  the  process  combination  described  as  Phase  IIA  in 
Table  F-7.  The  process  combination  included  the  following  processes:  coagulation  with 
lime  and  ferric  salts,  sedimentation,  recar bonation,  gravity  filtration,  adsorption  on 
granular  activated  carbon,  ozonation,  chloramination,  and  solids  handling  and  disposal. 
This  process  combination  was  chosen  for  evaluation  at  the  EEWTP  because  it  was 
believed  there  might  be  possibilities  for  producing  better  quality  finished  water  than  the 
alum/GAC/ chlorine  process. 

Although  lime  coagulation  is  not  often  used  in  water  treatment  except  when  softening  is 
required,  it  was  chosen  to  investigate  any  changes  in  TOC  removal  to  provide  for  better 
heavy  metals  removal,  and  to  provide  for  some  form  of  disinfection  prior  to  filtration 
that  would  not  require  chlorination.  Several  wastewater  reclamation  plants  use  lime  as  a 
primary  coagulant  and  the  high  lime  process  is  usually  part  of  the  magnesium  carbonate 
process  proposed  for  use.  Ferric  salts  are  often  used  with  lime  in  water  and  wastewater 
treatment  as  a  coagulant  aid. 

Two  disadvantages  of  lime  coagulation  are  the  need  for  lowering  the  pH  after 
coagulation  to  produce  a  stable  water  and  the  handling  of  the  large  amounts  of  solids 
produced.  With  a  200  MGD  plant,  it  may  become  practical  to  recalcine  the  lime  sludge 
produced  to  be  able  to  recover  the  coagulatant  and  to  produce  carbon  dioxide  for  use  in 
recar  bonation.  Recalcination  would  also  greatly  reduce  any  problems  with  final  disposal 
of  residual  solids  produced  in  the  process.  For  these  reasons,  a  recalcination  furnace  was 
proposed  as  part  of  the  design  of  the  full-scale  plant. 

The  GAC  adsorption  process  included  was  different  in  two  ways  from  that  included  in  the 
alum/chlorine  process  combination.  Based  upon  what  was  used  during  Phase  IIA,  the  full- 
scale  plant  would  use  a  bituminous  based  carbon  and  longer  EBCT  of  thirty  minutes.  It 
was  believed  that  these  changes  would  result  in  a  longer  lifetime  of  the  carbon  with 


F-52 


'  % 
£ 


3 


resulting  cost  savings  and  would  provide  a  greater  barrier  for  preventing  the  occurence 
of  synthetic  organic  compounds  in  the  GAC  treated  water. 

The  other  major  difference  between  this  process  combination  and  the  alum/chlorine 
process  was  in  disinfection.  The  primary  disinfectant  in  this  process  was  ozone  with 
chloramination  providing  for  a  residual  disinfecting  compound.  It  was  believed  that 
ozonation  would  provide  for  better  disinfection  and  that  the  use  of  ozone  and 
chloramines  would  eliminate  some  of  the  chlorinous  odors  reported  in  Phase  IA. 

Cost  Estimates  of  Process  Combinations 


Using  the  facilities  just  described,  cost  estimates  were  prepared  for  a  200  mgd  estuary 
water  treatment  plant.  Two  cost  estimates  were  generated:  one  for  the  alum/chlorine 
process  combination  studied  during  Phase  IA  of  the  EEWTP;  and,  one  for  the  lime/ozone 
process  combination  studied  during  Phase  I1A.  The  purpose  of  these  estimates  was  to 
provide  some  reference  for  comparing  the  alternative  of  constructing  and  operating  an 
estuary  water  treatment  plant  as  a  means  of  solving  potential  water  supply  shortages  in 
the  Metropolitan  Washington  Area.  The  cost  estimates  could  also  be  used  in  comparing 
the  two  process  combinations. 

It  is  again  emphasized  that  the  cost  estimates  provided  did  not  include  all  the  facilites 
that  would  be  required  in  constructing  a  full-scale  estuary  water  treatment  plant.  As 
previously,  discussed,  because  of  the  hypotethicai  nature  of  the  full-scale  plant,  cost 
estimates  were  only  provided  for  the  water  treatment  process  involved. 

Methods  Used  to  Estimate  Costs 

The  methods  used  to  generate  cost  estimates  were  a  hybrid  of  two  types  of  cost 
estimates:  study  estimates  and  preliminary  estimates.  Study  estimates  require  flow 
diagrams,  material  and  energy  balances,  and  knowledge  of  types  and  sizes  of  equipment. 
They  are  intended  for  generalized  evaluations,  guidance  for  further  investigation,  or  as  a 
basis  for  process  selection.  Their  usual  reliability  is  _+  30  percent.  Preliminary  estimates 
require  a  bit  more  detail.  They  require  some  engineering  of  the  structures  and  facilities 
and  are  often  the  basis  for  budget  authorizations.  Their  usual  reliability  is  +_  20  percent. 

The  cost  estimates  presented  were  a  hybrid  in  that  while  most  of  the  estimates  are  study 
type  estimates,  some  processes  were  subjected  to  a  preliminary  cost  estimate.  This  was 
the  situation  with  the  GAC  absorption  process.  Because  this  process  was  central  to  both 
process  combinations  considered  and  because  this  process  is  not  usually  employed  in 
water  treatment  because  of  its  high  cost,  it  was  believed  that  a  more  detailed  cost 
estimate  was  warranted. 

The  cost  estimates  of  the  full  scale  plant  was  first  made  using  a  FORTRAN  computer 
program  ("WATER")  prepared  for  the  EPA.  This  program  was  previously  obtained  from 
the  EPA  and  placed  on  JMM's  VAX  11/780  interactive  computer  in  Pasadena.  The 
computer  program  determined  costs  by  retrieving  stored  coefficients  for  a  least  squared 
polymonial  fit  of  cost  curves  which  had  been  generated  for  72  unit  processes  used  in 
water  treatment.  The  cost  curves  were  based  on  conceptual  designs  of  water  supply 
systems  with  capacities  between  1  and  200  mgd.  Process  capital  and  OicM  costs  are 
plotted  versus  an  appropriate  design  parameter,  such  as  pounds  per  day  for  chemical  feed 
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systems  or  square  feet  of  surface  area  for  filters.  For  a  further  description  of  the 
development  of  the  individual  cost  curves,  reference  can  be  made  to  the  original  EPA 
documentation. 

The  costs  generated  by  the  program  were  broken  down  into  capital  costs  and  operation 
and  maintenance  costs.  Capital  costs  consisted  of  the  construction  costs  for  each  unit 
process,  together  with  additional  capital  costs  for  sitework  and  interface  piping, 
subsurface  consideration,  standby  power,  contractor  overhead  and  profit,  engineering, 
legal,  fiscal  and  administration  services,  and  interest  during  construction.  Operation  and 
maintenance  costs  included  those  for  electricity,  labor,  maintenance  materials,  diesel 
fuel,  natural  gas,  and  chemicals. 

These  costs  were  also  compared  with  water  treatment  plant  cost  information  generated 
by  3MM  which  was  also  on  the  computer.  This  was  done  to  determine  the  reasonableness 
of  the  generated  cost  estimates.  As  mentioned,  in  some  cases  it  was  necessary  to  do 
more  preliminary  engineering  to  arrive  at  reasonable  estimates. 

All  costs  were  updated  to  April,  1983  dollars.  Various  cost  indexes  were  used  to  update 
original  cost  data.  Table  F-&  lists  the  various  cost  criteria  that  were  used  to  generate 
the  costs,  including  the  cost  indexes  that  were  used  to  update  cost  data.  The  indexes 
reflect  the  current  economic  climate  and  construction  costs  in  the  Baltimore  area  and 
were  believed  to  be  a  sound  basis  for  the  estuary  water  treatment  plant  costs.  Eight 
different  indexes  were  used  for  different  portions  of  construction  and  O&M  costs.  Use  of 
the  eight  separate  indexes  was  compared  with  using  the  all-encom passing  ENR 
Constructon  Cost  Index  (CCI)  and  was  found  to  generate  costs  eleven  to  thirteen  percent 
lower  than  using  the  CCI.  This  better  fit  the  data  in  JMM's  data  on  water  treatment 
plant  costs  and  therefore  was  the  basis  for  cost  up-dating. 

Estimated  Costs 

Estimated  costs  for  a  200  mgd  estuary  water  treatment  plant  for  the  alum/chlorine  and 
lime/ozone  process  combinations  are  shown  in  Tables  F-9  and  F-10,  respectively.  Shown 
for  the  individual  processes  and  groupings  of  processes  are  the  capital  costs,  the  annual 
operation  and  maintenance  costs,  and  the  cost  in  dollars  per  1000m3  (cents/1000  gal). 

This  unit  cost  was  based  on  amortizing  the  capital  costs  over  a  twenty  year  period  at  8 
percent  interest. 

Cost  Comparison  with  Conventional  Water  Treatment 

For  purposes  of  comparison,  the  costs  for  the  two  ;  ocess  combinations  monitored  were 
compared  with  a  more  conventional  water  treatment  plant  that  was  not  treating  a 
contaminated  raw  water  source.  A  realistic  conventional  water  treatment  plant  would 
be  the  same  as  described  in  the  alum/chlorine  process  combination  if  the  GAC  adsorption 
process  was  removed.  The  cost  comparison  is  shown  in  Table  F- 11. 


TABLE  F-8 


COST  CRITERIA  FOR  FULL-SCALE  ESTUARY  PLANT 
I.  Capital  Cost  Factors  (%  of  Construction  Costs): 


1. 

Engineering  (%) 

= 

7.5 

2. 

Sitework,  interface  piping  (%) 

= 

5.5 

3. 

Subsurface  considerations  (%) 

- 

1.0 

4. 

Standby  power  (%) 

- 

1.0 

5. 

Interest  rate  (%) 

- 

8.0 

6. 

Number  of  years  for  capital  cost  amortization 

- 

20.0 

Unit  Cost  Factors: 

1. 

Electricity  ($/KWH) 

- 

0.060 

2. 

Labor  ($/hr) 

— 

12.000 

3. 

Diesel  fuel  ($/gaU 

= 

1.180 

4. 

Natural  gas  ($/ft3) 

= 

0.007a 

5. 

Building  energy  use  (KWH/ft2/yr) 

= 

102.600 

a  Based  on  use  of  Number  2  fuel  oil  @  $1.00/gal  to  obtain  equivalent  BTU's.  Assumes 
1,000  BTU/ft3  of  natural  gas  versus  141,000  BTU/gal  fuel  oil. 


III.  Cost  Indexes  (April,  1983,  Baltimore): 


1. 

Excavation  (ENR  skilled  labor) 

= 

332.8 

2. 

Manufactured  equipment  (BLS  #114) 

= 

307.5 

3. 

Concrete  (BLS  #132) 

— 

309.6 

4. 

Steel  (BLS  #101.3) 

= 

340.3 

5. 

Labor  (ENR  skilled  labor) 

= 

332.8 

6. 

Pipes  &  valves  (BLS  #114.901) 

= 

323.5 

7. 

Electrical  and  instrumentation  (BLS  #117) 

s 

235.8 

8. 

Housing  (ENR  Building  Cost) 

r 

339.9 

9. 

Producer  Price  Index 

r 

285.7 

Chemical  Costs: 

1. 

Chlorine  ($/ton) 

_ 

230 

2. 

Alum  ($/ton) 

= 

147 

3. 

Polymer  ($/ton) 

= 

6,000 

4. 

Potassium  permanganate  ($/ton) 

= 

2,056 

5. 

Quicklime  ($/ton) 

- 

68 

6. 

Ferric  sulfate  ($/ton) 

— 

140 

7. 

Androus  ammonia  ($/ton) 

— 

240 

TABLE  F-9 


ESTIMATED  COST 

2 00  MGD  ESTUARY  WATER  TREATMENT  PLANT 
ALUM/CHLORINE  PROCESS 


($  Million) 

($Million) 

Annual 

Cost  in 
$/1000  m3 

Capital  Costs 

O  <Sc  M  Costs 

(Cents/ 1000  Gal) 

Alum  feed 

0.46 

2.25 

8.43  (3.19) 

Polymer  Feed 

0.08 

0.19 

0.74  (0.28) 

Permanganate  Feed 

0.03 

0.64 

2.32  (0.88) 

Lime  Feed 

0.23 

0.35 

1.40  (0.53) 

Rapid  Mix 

1.13 

0.85 

3.75  (1.42) 

Flocculation 

2.04 

0.84 

4.28  (1.62) 

Sedimentation 

11.43 

0.23 

7.74  (2.93) 

Subtotal 

15.40 

5.35 

28.66  (10.85) 

Polymer  Feed 

0.03 

0.06 

0.24  (0.09) 

Gravity  Filters  <5c  Media 

12.54 

0.85 

10.65  (4.03) 

Air/  Water  Backwash 

1.18 

0.08 

1.00  (0.38) 

Surface  Wash 

1.84 

0.06 

1.32  (0.50) 

Filter  Clear  well 

0.58 

0.00 

0.34  (0.13) 

Subtotal 

16.17 

1.05 

13.55  (5.13) 

GAC  Feed  Pumping 

1.40 

0.95 

4.28  (1.62) 

Contactors  it  Carbon 

27.54 

0.04 

16.75  (6.34) 

Backwash  Pumping 

0.50 

0.07 

0.55  (0.21) 

Regeneration  &  Make-up  Carbon 

6.70 

4.10 

18.90  (7.15) 

Subtotal 

36.14 

5.16 

40.48  (15.32) 

Chlorination  (Intermediate) 

and  Final 

0.57 

0.34 

1.59  (0.60) 

Final  Clearwell/Chlorine 

Contact 

2.31 

0.00 

1.40  (0.53) 

Washwater  Storage 

0.86 

0.00 

0.53  (0.20) 

Washwater  Pumping 

0.06 

0.01 

0.08  (0.03) 

Subtotal 

0.92 

0.01 

0.61  (0.23) 

Sludge  Pumping 

0.17 

0.03 

0.21  (0.08) 

Gravity  Thickening 

0.78 

0.02 

0.55  (0.21) 

Sludge  Pumping 

0.06 

0.02 

0.11  (0.04) 

Polymer  Feed 

0.03 

0.05 

0.21  (0.08) 

Centrifugation 

1.34 

0.07 

1.06  (0.40) 

Sludge  Hauling 

0.31 

0.17 

0.79  (0.30) 

Subtotal 

Z69 

0.36 

2.93  (1.11) 

TABLE  F-9  (Continued) 


ESTIMATED  COST 

200  MGD  ESTUARY  WATER  TREATMENT  PLANT 
ALUM/CHLORINE  PROCESS 


($  Million) 

($  Million) 
Annual 

Capital  Costs 

O  <5c  M  Costs 

Admin,  Lab  &  Maintenance 

Building 

0.61 

0.30 

TOTAL  PROCESS 

74.81 

12.57 

Sitework(d  7.5% 

5.61 

Contractor  OH  &  P  @  15% 

12.06 

TOTAL  Construction 

92.48 

Engineering  @7% 

6.47 

Legal,  Fiscal,  Admin 

0.21 

Int  During  Construction 

12.02 

Contingency  (a  10% 

11.12 

TOTAL  Capital 

122.30 

Cost  in 
$/1000  m3 
(Cents/ 1000  Gal) 


1.45  (0.55) 
90.67  (34.32) 


TABLE  F-10 
ESTIMATED  COSTS 

200  MGD  ESTUARY  WATER  TREATMENT  PLANT 
LIME/OZONE  PROCESS 


Lime  Feed 
Ferric  Sulfate  Feed 
Rapid  Mix 
Flocculation 
Sedimentation 
Recar  bonation 
Subtotal 


($  Million) 
Capital  Costs 


0.24 

0.12 

1.13 

2.04 

11.43 

2.60 

17.56 


($  Million) 
Annual 
O  <5c  M  Costs 


Cost  in 
$/1000  m3 
(Cents/ 1000  Gal) 

0.98  (0.37) 
0.61  (0.23) 
3.86  (1.46) 
4.39  (1.66) 
7.93  (3.00) 
2.38  (0.90) 
20.15  (7.62) 


Polymer  Feed 
Gravity  Filters  6c  Media 
Air/Water  Backwash 
Surface  Wash 
Filter  Clearwell 
Subtotal 


0.03 

12.54 

1.18 

1.84 

0.58 

16.17 


0.24  (0.09) 

10.91  (4.13) 
1.03  (0.39) 
1.37  (0.52) 
0.37  (0.14) 

13.92  (5.29) 


GAC  Feed  Pumping 
Contactors  6c  Carbon 
Backwash  Pumping 
Regeneration  6c  Make-up  Carbon 
Subtotal 


1.40 

39.80 

0.53 

7.70 

49.43 


4.41  (1.67) 
24.81  (9.39) 
0.63  (0.24) 
26.69  (10.10) 


Ozone  Generation 
Ozone  Contact 
Subtotal 


6.47  (2.45) 
0.66  (0.25) 
7.13  (2.70) 


Ammonia  Feed 
Chlorination 
Subtotal 

Final  Clearwell 


0.42  (0.16) 
1.11  (0.42) 
1.53  (0.58) 

1.43  (0.54) 


Washwater  Storage 
Washwater  Pumping 
Subtotal 


0.53  (0.20) 
0.08  (0.03) 
0.61  (0.23) 


TABLE  F-10  (Continued) 


ESTIMATED  COSTS 

200  MGD  ESTUARY  WATER  TREATMENT  PLANT 
LIME/OZONE  PROCESS 


($  Million) 

Cost  in 

($  Million 

Annual 

$/ 1000  m  3 

Capital  Costs 

O  6c  M  Costs 

(Cents/ 1000  Gal) 

Sludge  Pumping 

0.14 

0.02 

0.16  (0.06) 

Gravity  Thickening 

0.43 

0.01 

0.29  (0.11) 

Sludge  Pumping 

0.06 

0.02 

0.11  (0.04) 

Polymer  Feed 

0.03 

0.05 

0.21  (0.08) 

Centrifugation 

1.39 

0.07 

1.11  (0.42) 

Recalcination 

10.00 

4.00 

21.06  (7.97) 

Subtotal 

12.05 

4.12 

22.94  (8.68) 

Admin,  Lab  <Sc  Maintenance 

Building 

0.61 

0.30 

1.51  (0.57) 

TOTAL  PROCESS 

106.91 

15.94 

125.76  (47.62) 

Sitework  @7.5% 

S.02 

Contractor  OH  &  P  @  15% 

17.24 

TOTAL  Construction 

132.17 

Engineering  @7% 

9.25 

Legal,  Fiscal,  Admin 

0.26 

Int  During  Construction 

16.63 

Contingency  @10% 

15.83 

TOTAL  Capital 

174.14 

TABLE  F-ll 


1 


-*« 
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COST  COMPARISON  OF  CONVENTIONAL  PROCESS 
WITH  PROCESSES  MONITORED 


Treatment  Configuration 


Cost  in  $/ 1000  m3 
(Cents/ 1000  Gal) 


Conventional  Water  Treatment  Plant 
Alum/GAC/Chlorine  Process  Combination 
Lime/GAC/Ozone  Process  Combination 


50.48  (19.00) 
90.67  (34.32) 
125.76  (47.62) 


CHESAPEAKE  BAY  HYDRAULIC  MODEL  TESTING 
INTRODUCTION 

As  noted  in  the  earlier  description  of  some  of  the  physical  characteristics  of  the 
Potomac  Estuary,  the  hydrodynamics  of  the  estuary  are  very  complex  and  in  some  ways 
little  understood.  To  determine  the  potential  of  the  estuary  to  serve  as  a  source  of 
water  supply  not  only  required  the  results  of  the  Potomac  Estuary  Experimental  Water 
Treatment  Plant  Program,  but  an  understanding  of  the  estuary's  hydrodynamics  under 
various  flow  regimes.  The  Corps'  Chesapeake  Bay  Model  provided  a  means  of 
reproducing  to  a  manageable  scale  both  natural  events  and  man-made  changes,  and 
thereby  allowed  the  collection  of  some  of  the  data  required  to  assess  the  consequences  of 
these  happenings.  The  following  paragraphs  provide  a  description  of  the  hydraulic 
physical  model  and  the  testing  program  that  was  conducted  relative  to  the  Potomac 
Estuary. 

MODEL  LOCATION 

The  hydraulic  model  of  the  Chesapeake  Bay  is  located  at  Matapeake,  Maryland,  on  a  65- 
acre  tract  of  land  donated  by  the  State  of  Maryland.  The  site  is  on  the  Delmarva 
Peninsula,  lies  along  Maryland  Route  8,  and  is  approximately  three  miles  south  of  the 
eastern  terminus  of  the  William  Preston  Lane  Memorial  Bridge  (Chesapeake  Bay 
Bridge).  It  is  within  commuting  distance  of  over  3,000,000  people,  being  less  than  50 
miles  from  both  Washington,  D.C.  and  Baltimore,  Maryland. 

MODEL  DESCRIPTION 

The  hydraulic  model  of  the  Chesapeake  Bay  is  the  largest  estuarine  model  in  the  world. 

It  is  a  fixed-bed,  geometrically  distorted  scale  model,  hand-molded  in  concrete.  The 
model  is  nine  acres  in  area,  and  encompasses  the  Bay  proper,  all  of  its  tributaries  up  to 
the  head  of  tidal  effects,  and  the  adjacent  overbank  areas  to  the  contour  of  20  feet 
above  mean  sea  level.  The  model  is  enclosed  in  a  14-acre,  prefabricated  steel  truss 
building  in  order  to  protect  it  from  such  elements  as  wind,  rain,  and  debris.  Figure  F-13 
is  a  map  showing  the  model  limits. 


F-60 


FIGURE  F- 1  3 


CHESAPEAKE  BAY  MODEL  LIMITS 


The  hydraulic  model  was  designed  based  on  the  equality  of  Froude  numbers,  model  to 
prototype,  reflecting  similitude  of  gravitational  effects.  The  Froude  number,  IF,  is 
defined  as: 


IF 


V 

gd 


where  V  =  velocity 

g  =  gravitational  acceleration 
d  =  characteristic  length 

For  distorted-scale  models,  the  characteristic  length,  d,  is  taken  to  be  the  vertical 
dimension  or  depth.  Geometric  scales  of  the  model  are  1:1000  horizontally  and  1:100 
vertically,  reflecting  a  distortion  ratio  of  10:1.  These  dimensions  and  Froudian  model 
laws  defined  the  following  model-to-prototype  ratios: 


Characteristic 

Vertical  length 

Horizontal  length 

Slope 

Time 

Velocity 

Volume 

Discharge 


Model:  Prototype 

Ratio _ 

1:100 

1:1000 

1:10 

1:100 

1:10 

1:100,000,000 

1:1,000,000 


The  model-to-prototype  ratio  for  salinity  is  1:1  which  is  the  general  practice  for 
distorted-scale  models.  The  model  was  designed  and  equipped  so  that  selected  prototype 
boundary  conditions  could  be  simulated,  and  the  model  response  to  these  conditions 
recorded. 

The  hydraulic  model  of  the  Chesapeake  Bay  is  a  facility  of  the  Baltimore  District,  Corps 
of  Engineers,  and  all  aspects  of  the  model-related  program  are  the  responsibility  of  the 
Baltimore  District  Engineer.  As  personnel  of  the  Waterways  Experiment  Station,  (WES) 
are  the  Corps  of  Engineers'  recognized  experts  in  hydraulic  modeling,  WES  has  been  re¬ 
sponsible  for  the  design,  construction,  operation,  and  maintenance  of  the  hydraulic 
model. 

SCOPE  AND  OBJECTIVES  OF  HYDRAULIC  MODEL  TESTING 

As  mentioned  above,  the  quality  of  the  water  in  the  Potomac  Estuary  is  a  complex  com¬ 
bination  of  several  factors  to  include  the  Potomac  River  inflow,  the  tidal  and  salinity 
conditions  in  the  Chesapeake  Bay,  wastewater  discharges  from  area  sewage  treatment 
plants,  and  withdrawals  from  the  estuary.  The  objectives  oi  the  Chesapeake  Bay 
Hydraulic  Model  testing  were  to  define  the  salinity  regime  and  wastewater  dispersion 
patterns  in  the  Potomac  Estuary  under  several  freshwater  inflow  conditions,  and  to 
determine  the  impact  of  pumping  water  out  of  the  upper  Estuary  at  Washington,  D.C.  on 
both  salinities  and  wastewater  dispersion  patterns. 


The  testing  was  to  be  conducted  in  two  phases.  The  objective  of  the  Base  or  Phase  1 
testing  was  to  define  the  salinity  and  wastewater  dispension  patterns  for  freshwater 


inflows  under  present  (1980)  conditions  assuming  no  estuary  withdrawal.  The  objective  of 
the  Futures  or  Phase  2  testing  was  to  define  salinity  and  dispersion  patterns  for  four 
freshwater  inflows  under  future  (2020)  conditions  assuming  estuary  withdrawals  ranging 
between  0  and  200  mgd.  Table  F-12  lists  the  inflow  and  withdrawal  conditions  to  be 
reproduced  during  both  phases  of  the  testing. 

In  response  to  the  above  objectives,  three  components  of  the  estuary  were  examined  in 
detail: 

a.  The  salinity  regime  of  the  entire  Estuary  over  the  test  period  was  measured  to 
establish  the  variation  in  salinity  as  a  function  of  Potomac  River  low  flows  and 
wastewater  discharges.  An  intensive  sampling  program  was  conducted  at  the 
start  of  each  test  to  examine  the  salinity  variations  in  the  Estuary  during  spring 
and  neap  tides.  The  time  interval  between  the  start  of  the  drought  period  and 
the  first  appearance  of  salinity  at  the  Washington  Aqueduct  Emergency  Estuary 
Water  Pumping  Station  was  determined  as  a  function  of  Potomac  discharge. 

b.  The  dispersion  of  the  conservative  wastewater  constituents  (dye  injected  into 
the  model)  from  the  Washington  Area  Sewage  Treatment  Plants  (sip's)  as 
affected  by  Potomac  discharge  for  Base  and  Future  test  conditions  was 
investigated.  An  intensive  sampling  program  covering  both  the  spring  and  neap 
tide  period  was  conducted  at  the  start  of  each  test  to  examine  the  dispersion  of 
the  dye  and  the  possible  transport  of  dye  upstream.  Similar  to  the  salinity  test, 
the  arrival  of  the  waste  water  at  the  Washington  Aqueduct  Emergency  Water 
Pumping  Station  was  determined  as  a  function  of  discharge. 

c.  The  mixing  of  the  Potomac  River  flow  as  it  entered  the  estuary  as  a  function  of 
Potomac  River  low  flow  was  also  studied. 

Based  on  the  availability  of  both  personnel  and  the  model  facilities,  together  with  the 
level  of  funding  for  the  Chesapeake  Bay  Study  Program,  it  was  decided  that  the  estuary 
testing  as  shown  on  Table  F-12  would  be  conducted  in  two  parts.  The  first  part,  which 
was  comprised  of  eight  tests,  was  conducted  in  March  -  June  1979.  The  testing 
conducted  included  all  of  Phase  1  (Tests  1-9)  and  Tests  5,  6,  8  and  9  from  Phase  2. 

Further  testing  on  the  second  part  of  program  is  contingent  upon  future  funding  of  the 
Chesapeake  Bay  Program  by  Congress.  The  remainder  of  this  section  of  the  report 
addresses  the  conduct  and  results  of  the  first  part  of  the  testing. 

MODEL  TEST  CONDITIONS  AND  PROCEDURES 


The  model  geometry  was  maintained  as  constructed  and  verified  with  the  addition  of  the 
proposed  50-foot  Baltimore  Harbor  and  approach  channels  and  several  minor 
modifications  in  the  Potomac  Estuary. 


Tidal  Conditions 


For  each  test  the  model  was  filled  by  introducing  freshwater  in  the  upstream  reaches  of 
the  rivers  and  salt  water  from  the  return  sump.  As  the  model  was  filled,  a  repetitive 
cosine  tide  was  generated.  After  a  short  period  of  time,  tide  control  was  switched  to  a 
computer -controlled  cosine  tide.  The  tide  had  a  range  of  9.25  feet  and  a  mean  water 
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TABLE  F-12 

POTOMAC  ESTUARY  WATER  SUPPLY  AND  WASTEWATER  DISPERSION  TESTING 
POTOMAC  Emjjr  AND  WITHDRAWAL  CONDITIONS 


level  of  +0.18  feet.  This  tide  was  representative  of  the  maximum  spring  tide  of  the  28- 
day  lunar  month  tide.  The  tide  was  repeated  until  the  model  reached  stability.  At  a 
specified  time,  after  both  tide  and  salinity  stability  had  been  achieved,  the  tide  was 
changed  to  a  28-day  lunar  month  tide  which  was  maintained  during  the  hydrograph  and 
steady-state  low  flow  conditions. 

Chesapeake  and  Delaware  Canal 

The  Chesapeake  and  Delaware  (C  4c  D)  Canal  was  not  operated  during  the  Potomac 
Estuary  Testing.  The  associated  boundary  control  conditions  of  C  4c  D  tides,  source 
salinity,  and  net  flows  were  not  applicable.  The  C  4c  D  Head  Bay  weir  was  raised  to  its 
maximum  position  so  that  there  was  no  tidal  or  salinity  input  to  the  canal  from  the 
Delaware  River. 

Freshwater  Inflows 


The  model  was  stabilized  at  a  discharge  of  100,000  cfs  using  a  repeatable  cosine  tide. 
After  stabilization,  the  model  was  stepped  through  4-3/4  months  of  weekly  hydrographs 
with  a  28-day  variable  tide,  simulating  the  period  April  -  August  1964,  to  dynamically 
bring  the  model  to  drought  conditions.  Drought  conditions  were  maintained  for  a  6- 
month  test  period  with  all  inflows  set  at  the  average  August  -  October  1964,  steady-state 
flows.  The  Potomac  River  discharge  into  the  upper. Potomac  Estuary  was  varied  from  0 
to  900  MGD  during  the  drought,  according  to  the  test  requirements. 

Wastewater  Inflows 


Wastewater  discharge  for  the  Washington  Area  STPs  in  the  upper  Potomac  Estuary  was 
simulated  by  constant  discharges  of  a  conservative  dye  (Rhodamine  WT).  Table  F-13  lists 
the  MWA  STP's  and  their  respective  wastewater  flows  for  the  Present  and  Future  tests 
(the  Future  tests  represent  projected  2020  wastewater  flows). 

The  wastewater  inflows  during  lead-in  steady-state  flows  were  supplemented  into  the 
Potomac  River  at  the  base  flow  rate  of  418  mgd.  At  the  start  of  the  hydrograph,  the 
wastewater  flow  was  transferred  to  the  respective  outfall  locations.  Freshwater  was 
used  to  simulate  the  wastewater  until  Lunar  months  -  0  and  Tidal  Cycle  -  36,  when  the 
dye  release  started.  During  a  brief  period  prior  to  dye  release,  the  outfalls  were 
disconnected  and  dye  was  run  through  the  Unes.  The  wastewater  flow  rate  was  measured 
volumetrically;  and  at  slack  after  flood  at  station  PO  01-03  (the  mouth  of  the  Potomac 
River),  the  outfalls  were  connected  and  dye  was  released  into  the  model.  Outfall  lines 
were  modeled  to  discharge  "Q"  and  exit  velocity  "V"  of  the  wastewater.  Outfall  area  "A" 
was  not  modeled  due  to  the  distortion  ratio  of  the  model.  Outfalls  were  set  at  prototype 
location  and  depth.  Wastewater  specific  gravity  was  set  at  1.0. 

Ocean  Source  Salinity 

The  model  ocean  source  salinity  was  maintained  at  31  gm/1  for  all  of  the  Potomac 
Estuary  tests.  Sumps  were  monitored  hourly  and  salinity  adjusted  as  necessary  by 
increasing  or  decreasing  lixate  flow.  The  return  sump  level  was  kept  at  3.0  i  0.1  feet 
during  normal  operation  to  avoid  changing  the  flow  characteristics  of  the  return  gate 
valve.  To  prevent  the  sumps  from  gaining  head  and/or  changing  salinity,  surface  water 
of  lower  salinity  was  drawn  from  the  ocean  through  the  skimming  weirs.  The  skimming 
weir  control  valve  was  adjusted  so  that  the  rate  of  withdrawal  through  the  skimming 
weirs  equalled  the  freshwater  inflow  to  the  model. 
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TABLE  F-13 


POTOMAC  ESTUARY  TESTING 
WASTEWATER  TREATMENT  FACILITIES 


DESIGNATED 
INFLOW  POINT 
(FIGURE  F-14) 

LOCATION  OF  FACILITY 

PRESENT1 

(mgd) 

FUTURE 

(mgd) 

A 

Blue  Plains 

305 

450 

B 

Piscataway 

22 

60 

C 

Arlington 

20 

30 

D 

Alexandria 

33 

40 

E 

Lower  Potomac 

383 

60 

F 

Mattawoman 

_ 

65* 

*  Based  on  projected  1980  discharges. 

^ Based  on  projected  capacity  requirements  for  2020  from  current  208  planning 
documents. 

■^Combined  Lower  Potomac  and  Mooney  during  Base  Test. 

^Combined  Mattawoman  and  Mooney  during  Futures  Test. 


Data  Collection 


Since  the  major  objectives  of  the  study  were  salinity  changes  and  overall  wastewater 
dispersion  characteristics,  salinity  and  dye  sampling  were  emphasized.  In  order  to 
provide  additional  data  for  numerical  modeling,  tidal  heights  and  velocities  were  also 
collected  at  several  stations.  A  more  detailed  description  of  data  collection  procedures 
is  provided  in  the  following  paragraphs. 

Salinity  Data 

Salinity-dye  samples  were  collected  at  the  stations  shown  in  Figure  F-14.  Samples  were 
taken  at  Slack  After  Flood  (SAF)  and  Slack  After  Ebb  (SAE).  When  water  depth  exceeded 
60  feet,  samples  were  taken  at  the  surface,  one-quarter  depth,  mid-depth,  three-quarters 
depth,  and  bottom.  When  depths  ranged  from  20  to  60  feet,  samples  were  collected  at 
the  surface,  mid-depth,  and  bottom.  At  depths  between  10  and  20  feet,  samples  were 
collected  at  surface  and  bottom.  At  depths  less  than  10  feet,  samples  were  collected  at 
mid-depth  only. 

Sampling  commenced  at  lunar  month  1  and  tide  42.  The  upper  estuary  (PO-06  to  PO-16) 
was  sampled  at  SAF  and  SAE  for  the  first  15  consecutive  tides.  The  lower  estuary  (PO- 
01  to  PO-05)  was  sampled  on  lunar  month  1,  tides  42  and  48.  Starting  with  lunar  month 
2,  all  stations  were  sampled  on  tides  1,  10,  28,  and  48  of  the  56  cycle  -  28-lunar.day  tide 
except  at  the  end  of  the  test  when  tide  42  of  lunar  month  7  was  sampled  in  lieu  of  tide 
48. 

During  each  test,  a  synoptic  salinity  sample  was  taken  of  the  entire  Potomac  Estuary  on 
lunar  month  3,  tide  38,  at  high  water  slack  at  the  mouth  of  the  Potomac  River.  A  series 
of  synoptic  samples  were  also  taken  during  Test  9  from  the  beginning  of  the  dye  release 
at  lunar  month  0  and  tidal  cycle  36  until  the  test  start,  at  8  tidal  cycle  increments  to 
establish  the  initial  dye  dispersion  pattern. 

Salinities  were  monitored  at  the  Chesapeake  Bay  salinity  monitoring  stations  on  the  same 
tides,  1,  10,  28,  and  48  to  establish  a  representative  salinity  for  all  tests.  Salinities  were 
continuously  monitored  using  Balshbaugh-Conductance  probes  and  meters.  Salinities 
were  recorded  at  mid  or  near  bottom  depth  on  a  strip  chart  recorder,  and  monitoring 
notes  were  made  approximately  every  three  hours.  • 

Dye  Concentrations 

Fluorescent  dyes  were  used  to  trace  wastewater  effluent  and  the  Potomac  River  inflow. 
The  wastewater  of  the  Washington  Area  STP's  was  labeled  using  a  conservative 
fluorescent  dye  (Rhodamine  WT).  The  concentration  of  Rhodamine  WT  was  1000  parts 
per  billion  (ppb)  for  all  tests.  The  Potomac  River  freshwater  was  labeled  using  a 
conservative  fluorescent  dye,  Fluorescene,  for  all  Base  tests  and  the  Future  tests.  The 
Fluorescene  was  injected  at  a  concentration  of  1000  ppb. 

Dye  was  released  and  allowed  to  achieve  a  background  equilibrium  prior  to  the  start  of 
the  test.  Dye  was  released  at  both  the  Washington  Area  STP's  and  in  the  Potomac  River 
at  a  constant  flow  for  the  duration  of  the  test.  Dye-salinity  samples  were  collected  at 
stations  in  the  upper  estuary  (PO-9  to  PO-16).  Dye  concentration  was  also  analyzed 
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during  the  synoptic  sampling  lunar  month  3,  tide  3S,  and  during  the  pre-test  of  Test. 9. 
Sampling  procedures  have  been  described  in  the  preceding  discussion  of  the  salinity  data. 

Tidal  Elevations 

Tides  were  monitored  throughout  the  model  using  nine  automatic  water  level  detectors 
(Tide  Data  Acquisition  (TDA)).  Four  of  the  TDA's  were  positioned  in  the  Potomac 
Estuary  at  Cornfield  Harbor,  Dalgren,  Quantico,  and  Washington  D.C.  Manual  tide 
measurements  were  also  taken  at  these  locations  to  give  comparison  tide  values,  and  to 
check  for  TDA  error  or  drift.  Manual  tide  measurements  were  taken  three  times  per  test 
at  the  four  TDA  locations.  Tides  were  measured  during  lunar  months  2,  4,  and  6,  starting 
at  low  water  (LW)  on  tide  53  and  continuing  on  a  lunar  hour  basis  to  LW  of  tide  55.  Tide 
55  was  representative  of  a  maximum  spring  tide. 

Current  Velocities 

Current  velocities  were  collected  in  two  base  tests  (1  and  4)  and  two  futures  tests  (5  and 
9).  Velocities  were  taken  at  stations  PO-1,  PO-6,  PO-11,  and  PO-14  at  the  same  depths 
as  the  salinity  samples. 

Velocities  were  measured  on  lunar  month  5,  between  low  water  of  tides  21-22  for  the 
bottom  depth,  between  low  water  23-24  for  the  mid-depth,  and  between  low  water  25-26 
for  the  surface.  Readings  were  taken  every  lunar  hour.  Tides  22,  24,  and  26  were 
representative  of  an  average  tide  for  the  28-day  lunar  tide. 

Test  Results 

As  noted  in  the  preceding  sections,  salinity,  dye  concentrations,  tidal  elevation,  and 
current  velocity  data  were  collected  during  the  eight  tests  which  were  conducted  as  part 
of  the  first  phase  of  testing.  Unfortunately,  without  the  data  from  the  eight  remaining 
tests  it  was  not  possible  to  satisfy  the  objectives  of  the  testing  program  as  originally 
stated;  however,  some  representative  data  from  the  initial  tests  are  presented  in  the 
following  paragraphs,  as  well  as  some  generalized  statements  regarding  the  significance 
of  these  data. 

Based  on  a  cursory  examination  of  the  salinity  data,  the  tests  results  confirmed  expected 
hydrodynamic  conditions  in  the  Potomac  Estuary.  Salinity  declined  with  the  distance 
from  the  mouth  of  the  Potomac  and  varied  with  the  level  of  Potomac  inflows,  waste- 
water  discharges,  and  withdrawal  at  the  Emergency  Estuary  Water  Pumping  Station. 
Further,  the  longitudinal  salinity  distribution  generally  followed  observed  data  with 
salinity  increasing  with  water  depth  throughout  the  Potomac  Estuary. 

As  it  related  to  salinity,  the  area  of  greatest  interest  was  the  degree  of  salinity  intrusion 
that  occurred  under  various  inflow  conditions.  Table  F-14  provides  an  overview  of  the 
salinity  intrusion  by  showing  the  estimated  time  of  arrival  of  various  salinities  at  station 
PO-16-01  (Emergency  Pumping  Station  Upstream  from  Chain  Bridge).  For  example,  this 
table  indicates  that  with  a  recurrence  of  the  1964  flows  (April-August  1964)  as  a  lead-in 
for  a  drought  condition,  it  would  take  approximately  13  weeks  for  the  salinity  to  reach  1 
ppt  at  PO-16  assuming  a  Potomac  inflow  of  100  mgd.  Given  the  nature  and  duration  of 
both  the  1960's  and  1930's  droughts  it  is  not  unreasonable  to  assume  that  salinity 
intrusion  could  occur  and  may  present  a  potential  treatment  problem  for  an  estuary 


treatment  facility.  It  should  be  recognized,  however,  that  the  severe  salinity  intrusion 
occurred  at  only  the  lowest  flowby  values  and  during  the  latter  part  of  the  drought 
period. 

As  a  further  example  of  some  of  the  salinity  results,  included  as  Figures  F-15  and  F-16, 
are  a  longitudinal  salinity  distribution  for  the  entire  Potomac  River  Estuary  and  a 
salinity  time  history  for  several  stations,  respectively.  Both  of  these  figures  are  based 
on  salinity  data  from  Test  2  of  the  Phase  I  testing  which  reflects  the  base  conditions  and 
a  Potomac  inflow  of  100  mgd.  These  two  figures  also  supported  the  conclusion  that 
during  a  severe,  prolonged  drought,  nearly  the  entire  Potomac  Estuary  to  Little  Falls  is 
subject  to  saline  water  intrusion  for  Potomac  flowbys  of  100  mgd  or  less.  This  conclusion 
was  further  supported  by  the  results  of  the  Low  Freshwater  Inflow  Study  model  testing 
which  also  demonstrated  rather  extensive  salinity  intrusion  under  prolonged  drought 
conditions. 

It  should  be  noted  that  a  more  refined  estimate  of  the  extent  and  duration  of  the  salinity 
intrusion  plus  the  impacts  of  varying  levels  of  estuary  pumping  could  not  be  developed 
until  the  remainder  of  the  hydraulic  model  testing  is  conducted. 

It  was  also  difficult  to  draw  any  conclusions  relative  to  wastewater  dispersion  patterns 
using  the  results  of  only  the  initial  dye  dispersion  testing.  As  noted  in  Figure  F-17, 
concentrations  of  dye  on  the  order  of  200  ppb  do  reach  a  point  midway  between  station 
PO-15A  (Georgetown  Reservoir)  and  Station  PO-16  (Chain  Bridge)  under  base  conditions 
(Test  2)  and  a  100  mgd  Potomac  River  inflow.  The  source  dye  for  this  test  was 
Rhodamine  WT  which  was  released  at  the  Washington  area  sewage  treatment  plants 
noted  on  Figure  F-17  and  in  Table  F-13.  It  should  be  noted  that  the  hydraulic  model 
testing  provided  only  the  dispersion  characteristics  of  a  conservative  dye  and  not  the 
icwi  of  pollutants  that  could  be  expected  at  any  given  point  in  the  model.  It  was 
originally  intended  that  following  completion  of  the  second  phase  of  the  physical  model 
testing  that  the  physical  model  data  would  be  used  as  input  to  the  Environmental 
Protection  Agency's  Dynamic  Estuary  Model  (numerical)  which  would  then  be  run  to  pro¬ 
vide  estimates  of  the  levels  of  pollutants  under  the  various  conditions  tested. 
Unfortunately,  the  second  phase  of  the  hydraulic  model  testing  has  not  been  funded,  and 
there  is  insufficient  data  to  conduct  the  numerical  modeling.  No  conclusions  relative  to 
the  level  of  pollutants  at  any  proposed  estuary  treatment  plant  locations  can  be  provided 
at  this  time. 

Generally,  it  would  appear  that  the  suitability  and  treatability  of  the  estuary  water 
would  be  more  of  a  function  of  the  levels  of  salinity  that  could  occur  under  drought 
conditions  rather  than  degraded  water  quality  from  the  sewage  treatment  plants  in  the 
MWA.  Further  hydraulic  and  numerical  modeling  should  be  conducted  prior  to  any 
recommendation  for  use  of  the  estuary  as  a  future  source  of  supply. 

RESERVOIRS 

INTRODUCTION 

The  Metropolitan  Washington  Area  (MWA)  depends  on  the  Potomac  River  for  its  water 
supply  with  the  Potorr  ac  River  providing  more  than  two-thirds  of  the  water  supply  for 
the  three  major  Potomac  users  -  the  Washington  Aqueduct  (WAD),  Fairfax  County  Water 
Authority  (FCWA),  and  Washington  Suburban  Sanitary  Commission  (WSSC).  There  are 


POTOMAC  ESTUARY  MODEL  STUDY: 

LONGITUDINAL  SALINITY  DISTRIBUTION 
POTOMAC  RIVER 


FIGURE  F- 1 6 


POTOMAC  ESTUARY  TEST:  SALINITY  TIME 
HISTORY,  PHASE  I  TEST  2 
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several  impoundments  within  the  MWA,  on  the  Patuxent  River  in  Maryland  and  Occoquan 
Creek  in  Virginia,  which  together  provide  about  one-third  of  the  MWA  water  supply. 

With  the  completion  of  FCWA's  Potomac  River  intake,  all  three  major  users  within  the 
MWA  have  direct  access  to  the  Potomac  River. 

The  Potomac  River  Basin  has  approximately  14,500  square  miles  of  drainage  area,  and 
spreads  into  several  states  including  West  Virginia,  Virginia,  Pennsylvania,  Maryland,  and 
the  District  of  Columbia.  The  Potoma  River  Basin  is  substantially  uncontrolled  with  the 
exception  of  the  Corps  of  Engineers'  recently  completed  Bloomington  Lake  Project  on 
the  North  Branch.  From  the  Potomac's  source  to  its  outfall  into  the  Chesapeake  Bay, 
there  is  no  other  major  reservoir  project.  While  there  are  some  other  storage  projects, 
such  as  the  Savage  River  Reservoir  and  Stony  River  Reservoir,  they  are  relatively  small. 

The  MWA  Water  Supply  Study  was  authorized  to  investigate  and  evaluate  all  alternative 
means  to  provide  water  supply  for  the  growing  MWA  population.  Several  alternatives, 
which  are  described  in  other  sections  of  this  report,  were  investigated.  The  objectives  of 
this  section  are  to  identify  the  reservoir  sites  which  have  been  investigated  in  previous 
studies  or  proposed  by  others  for  investigation,  and  to  provide  pertinent  data  and  updated 
costs  for  these  sites.  This  information  is  intended  to  show  only  that  reservoir  storage  is 
one  of  several  means  to  provide  additional  flow  into  the  Potomac  River  during  low  flow 
periods.  It  is  neither  the  purpose  nor  the  objective  of  this  section  to  recommend 
construction  of  any  reservoir  project.  The  information  presented  in  this  section  simply 
reports  on  those  reservoir  sites  that  have  been  investigated  by  various  studies,  and  could 
provide  additional  flow  for  water  supply  or  flowby. 

LOCAL  RESERVOIRS 

RESERVOIRS  EXAMINED  IN  THE  AUGUST  1979  PROGRESS  REPORT 


-IS 

shows  the  locations  of  these  three  local  sites.  The  Little  Seneca  Creek  Project  which  is 
being  actively  pursued  by  WSSC,  will  be  constructed  on  Little  Seneca  Creek  in 
Montgomery  County,  Maryland,  as  a  regional  project  to  benefit  all  three  Potomac  users. 
Regarding  the  second  local  site,  FCWA  has  completed  raising  the  Occoquan  Creek 
Reservoir  by  two  feet.  The  third  project  examined  in  the  1979  Progress  Report  is 
located  in  Prince  William  County,  Virginia.  The  Cedar  Run  Reservoir  would  provide 
additional  storage  capacity  needed  for  the  projected  growth  in  Prince  William  County. 
Details  of  these  three  projects  are  given  in  the  following  sections. 

Little  Seneca  Lake 

In  November  1968,  the  Maryland-National  Capital  Park  and  Planning  Commission 
(M-NCPPC),  Montgomery  Soil  Conservation  District,  and  the  Montgomery  County 
Council  submitted  an  application  to  the  Maryland  State  Soil  Conservation  Service  for 
Public  Law  83-566  assistance  in  developing  a  multi-purpose,  flood  control-recreation 
project  in  the  Seneca  Creek  Watershed.  P.L.  83-566  authorizes  the  United  States 
Department  of  Agriculture  Soil  Conservation  Service  (SCS)  under  authority  of  the 
Watershed  Protection  and  Flood  Protection  Act  of  1954,  as  amended,  and  in  accordance 
with  the  National  Environmental  Policy  Act  of  1969,  Section  102  (2)(c),  to  construct 


The  Metropolitan  Washington  Area  Water  Supply  Study  for  the  Potomac  Water  Users, 
Local  Storage  Speciality  Appendix,  August  1979,  identified  three  local  reservoir  sites 
Little  Seneca  Creek,  raising  the  existing  Occoquan  Project,  and  Cedar  Run.  Figure  F 


FIGURE  F- | 8 


LOCATION  OF  STORAGE  SITES  EXAMINED 
IN  1979  PROGRESS  REPORT 


VICINITY  MAP 


heaawater  dams  ana  other  engineering  works  in  upstream  watersheds  for  a  variety  of 
purposes  including  flood  control.  In  response  to  the  above  request,  tne  SCS  prepared  a 
preliminary  investigation  report  for  the  Seneca  creek  Watersned,  which  identified  six 
impoundment  projects.  As  a  result  of  this  report,  SCS  Site  if)  (hereafter  referred  to  as 
Uttie  seneca  LaKel  was  recommended  as  tne  most  feasible  of  the  six  projects.  Following 
the  recommendation,  the  Montgomery  County  Planning  board,  under  Resolution  MCPb 
/)-)),  allocated  funds  for  the  planning  and  design  of  the  project.  As  envisioned,  the 
project  purposes  would  be  to  reduce  flood  damages  within  the  watercourse  of  the  Seneca 
CreeK  stream  system,  to  reduce  erosion  and  sediment  damages  throughout  the  watershed, 
to  provide  some  relief  to  water-based  recreational  deficiencies  in  Montgomery  County, 
to  improve  surface  water  quality,  to  maintain  fish  and  wildlife  resources,  to  provide  a 
potential  emergency  water  supply  for  the  Metropolitan  Washington  Area,  and  to  provide 
a  data  oase  to  supplement  existing  tools  for  planning  and  managing  watershed  resources. 

Subsequent  to  the  report's  release  in  December  1975,  the  bi-County  Water  Supply  Task 
Force,  comprised  of  representatives  from  the  Washington  Suburban  Sanitary  Commission 
VWSSQ,  and  the  Montgomery  and  Prince  Georges  County  Councils,  commissioned  the 
consulting  engineering  firm  of  Henningson,  Durham,  and  Richardson  (HDR)  to  reevaluate 
the  original  SCS  design  and  to  determine  the  project's  ability  to  serve  as  a  water  supply 
facility  in  satisfying  projected  water  supply  shortages  in  the  WSSC  water  service  area. 

In  December  1977,  HDR  was  also  requested  to  investigate  the  feasibility  of  an  alternate 
design  for  the  Little  Seneca  Lake  project  that  would  increase  the  normal  conservation 
pool  level  of  the  reservoir,  thus  maximizing  water  supply  capacity  at  the  site.  The 
consultant's  report,  entitled  bi-County  Water  Supply  Study  Evaluation  of  Alternatives 
and  puDlisned  in  March  i97i,  stated  that  the  project,  with  minor  modifications  to  the 
original  design  could  operate  as  a  water  supply  facility.  After  this  determination,  the 
Little  Seneca  Lake  project  was  then  included  as  part  of  the  Montgomery  County  Ten- 
Year  Capital  Improvement  Program,  197S-i9&7. 

Several  independent  investigations  have  demonstrated  the  utility  of  Little  Seneca  Lake 
as  a  regional  water  supply  project.  The  August  1979  MW  A  Water  Supply  Study  Progress 
Report  identified  Little  Seneca  Lake  as  part  of  several  regional  schemes.  The  Interstate 
eom  mission  on  the  Potomac  River  basin  through  its  CO-OP  model  had  demonstrated  that 
Little  Seneca  Lake  should  be  a  part  of  the  MW  A  regional  water  supply  solution.  The 
Washington  Metropolitan  Regional  Water  Supply  Task  Force  also  recommended  Little 
Seneca  Lake  be  developed  as  a  regional  water  supply  facility. 

in  1979,  WSSC  awarded  a  contract  for  the  preparation  of  an  environmental  assessment 
(tA)  and  an  advance  engineering  and  design  study  for  the  construction  of  Little  Seneca 
Lake.  On  4  March  i9&0,  WSSC  made  a  formal  request  to  the  baltimore  District  for  a 
Department  of  Army  permit  pursuant  to  Section  404  of  the  Clean  Water  Act.  The 
environmental  Assessment  (tA)  prepared  by  WSSC  in  support  of  their  permit  application, 
was  coordinated  with  the  public  by  WSSC  to  obtain  comments  concerning  the  effects  of 
the  proposed  project  on  the  environment.  This  EA  was  reviewed  by  the  Corps  of 
Engineers  as  part  of  the  permit  process.  Additionally,  the  Corps  of  Engineers  prepared 
an  Environmental  Assessment  to  discuss  the  issues  of  concern  that  were  identified  in  the 
permit  review  process,  in  order  to  make  a  determination  as  to  the  need  for  the 
preparation  of  an  environmental  Impact  Statement  lEISL  The  Corps'  Environmental 
Assessment  determined  that  the  construction  of  Little  Seneca  Lake  was  not  expected  to 
have  significant  impact  on  the  environment,  and  therefore,  the  preparation  of  an  LIS  was 
not  warranted.  A  permit  for  the  project  was  issued  on  )i  Marcn  i9»2. 


a 


Project  Description 

cittle  Seneca  Lane  wiii  be  located  in  the  Seneca  Creek  watershed,  just  nortneast  of  the 
community  of  boyds  in  Montgomery  County,  Maryland  (Figure  F-19).  As  presently 
designed,  the  dam  will  oe  constructed  from  rock  and  soil  excavated  as  part  of  the  spill¬ 
way  construction.  The  upstream  face  of  the  dam  will  be  covered  with  rip-rap  to  prevent 
wave  damage  to  the  dam.  Pertinent  data  for  Little  Seneca  Lake  are  given  in  Table  F- 
i5.  The  impoundment  will  control  a  drainage  area  of  approximately  21  square  miles. 

Ine  reservoir  at  its  normal  conservation  pool  level  elevation  of  385  feet  msl  will  have  a 
total  storage  capacity  of  4.23  billion  gallons  of  water  (13,050  acre-feet)  with  4.02  billion 
gallons  U2,350  acre-feet)  allocated  for  water  supply.  Incidental  to  the  water  supply 
storage,  the  reservoir  will  also  provide  flood  control  storage  for  approximately  1.28 
billion  gallons  13,920  acre-feet)  of  water. 

The  normal  conservation  pool  will  create  a  water  surface  area  of  305  acres,  increasing  to 
o07  acres  at  the  flood  pool  elevation  of  392  feet  msl.  The  mainstem  of  the  reservoir  is 
primarily  concentrated  on  Little  Seneca  Creek.  Two  arms  of  the  laxe  will  extena  up¬ 
stream  aiong  Tenmiie  Creek  and  Cabin  branch.  Figure  F-20  shows  a  plan  view  of  the 
proposed  reservoir  area  indicating  the  maximum  water  surface  and  normal  conservation 
pooi  perimeters. 

uetaiis  of  the  Littie  Seneca  Lake  project  are  given  in  the  report  titled,  Project 
Development  Report  on  Little  Seneca  Lake  for  the  Washington  Suburban  Sanitarv 


commission,  by  black  and  Veatcn,  Consulting  engineers,  betnesda,  Maryland,  Project  No. 
M02-19 60. 

Project  cost 

Preliminary  cost  estimates  for  the  Littie  Seneca  Lake  project  are  presented  in  Taole  F- 
i6.  Tnese  costs  were  prepared  by  the  consulting  engineers  based  on  January  i960  prices 
and  updated  to  Octooer  1981  prices  using  the  appropriate  LNR  Construction  Cost  Indices. 

As  part  of  the  regional  concept  of  Little  Seneca  Lake's  use,  WSSC  has  also  negotiated  a 
formula  to  share  the  project  costs  with  the  other  Potomac  water  users  -  the  District  of 
Columbia  and  the  Fairfax  County  Water  Authority  (FCWA).  Recently,  with  the  help  of 
the  Washington  Metropolitan  Water  Supply  Task  Force  and  its  Citizens  Advisory  Group, 
the  three  users  have  consummated  a  cost-sharing  agreement.  Under  the  terms  of  the 
agreement,  WSSC  will  pay  50  percent,  FCWA  10  percent,  and  the  District  of  Columbia, 
the  remaining  40  percent  of  the  water  supply  portion  of  the  project  costs  of  Little 
Seneca  Laxe.  WSSC  will  also  be  responsible  for  paying  the  project  land  cost,  as  well  as 
ouilding  and  maintaining  the  regional  park  around  Little  Seneca  Lake.  The  construction 
of  Little  Seneca  Laxe  is  expected  to  begin  in  the  fail  of  1982  and  is  scheduled  for 
completion  within  the  next  tnree  to  four  years. 

environmental  impacts 

un  i<+  August  i9*0,  WSSC  preparea  and  suDmitted  an  bnvironmentai  Assessment  wmch 
enunciates  the  impact  of  tne  Little  Seneca  Lake  project  on  the  area's  environment, 
tisnery,  water  quality,  fioou  protection,  water  supply,  recreation,  ano  economy.  Ine 
Wbid-  environmental  Assessment  was  coordinated  with  the  public  to  obtain  local  reaction 
and  comments  on  the  proposed  Littie  Seneca  eaxe.  1  he  environmental  Assessment  was 
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TABLE  F-15 


PERTINENT  DATA  FOR  LITTLE  SENECA  LAKE 


Dam 

Type 

Length 

Crest  Elevation 
Height  Above  Stream  Bed 

Reservoir  Pool  Elevations 
Normal  Pool 
iop  of  Sediment  Pool 
Flood  Crest,  iOO-Year  Flood 
Maximum  Flood  Crest,  MPF* 

Reservoir  Surface  Area 

iNormai  Pool  ^Elevation  385; 

Minimum  Water  Supply  Pool  (Elevation  340; 
Lowest  Drawdown  Pool  ^Elevation  330; 
Flood  Pool,  iOO-Year  Flood  (Elevation  3*2; 
Maximum  Flood  Pool,  MPF*  (Elevation  403; 


Zoned  Earth  and  Rockfill 
Approximately  600  feet 
408  feet  msl 
9 1  feet 


385  feet  msl 
340  feet  msl 
392  feet  msl 
403  feet  msl 


505  acres 
94  acres 
3i  acres 
607  acres 
767  acres 


cross  Reservoir  Storage 

Acre-Feet 

Billion  Gallons 

Normal  Pool 

13,050 

4.25 

Minimum  Water  Supply  Pool 

700 

0.23 

Lowest  Drawdown  Pool 

98 

0.03 

Flood  Pool,  100-Year  Flood 

16,970 

5.53 

Maximum  Flood  Pool,  MPF* 

24,185 

7.88 

Net  Reservoir  Storage  (usable  storage 

of  water  supply) 

Acre- Feet 

Billion  Gallons 

Normal  Pool 

12,350 

4.02 

Service  Spillway 

Type 

Chute  Spillway  with  Ogee  Crest 

Width  at  Crest 

70  feet 

Crest  Elevation 

385  feet  msl 

Peak  Discharge,  i  00- Year  Flood 

4,210  cfs 

Peak  Discharge,  MPF* 

l 7,400  cfs 

Auxiliary  Spillway 

Type  Open  Channel  in  Rock  with  Concrete  Control  btation 

Width  at  crest 

270  feet 

crest  elevation 

392  feet  msl 

Peak  Discharge,  mPF* 

32,100  cfs 

Outlet  Works 

Maximum  Release  Capacity 

425  cfs 

(275  mgd; 

*MPF  =  Maximum  Probable  Flood 

SOURCE:  Project  Development  Report  on  Little  Seneca  Lake  for  the  Washington 
Suourban  Sanitary  Commission.  Black  ana  Veatch,  Consulting  Engineers, 
Bethesda,  Maryland,  i960. 
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FIGURE  F-19 


PROJECT  SITE  LOCATION  FOR  LITTLE 
SENECA  LAKE 


SENECA  CREEK 
WATERSHED  BOUNDARY 


FIGURE  F-20 


PLAN  VIEW  OF  RESERVOIR  AREA  FOR 
LITTLE  SENECA  LAKE 


lAdLt  F-ib 


SUMMARY  OF  PROJtCT  COSTS* 
FOR  Lll  iLc  ScNccA  tAKh 


A.  Water  Supply  post 
Dam  and  Spillway 
Route  in /Li  Relocation 
utility  Relocations 
Protection  for  Churchill  Dam 
Underwater  lreatment  ana  sediment  Control 
Modifications  of  Wells  and  Septic  Systems 
Land  Acquisition 

Water  and  Service  to  Recreational  Areas 
Subtotal 

engineering,  Legal,  and 
Administration  Costs  (l5%) 

Total  Water  Supply  Costs 


Cost 


pn,3*9,000 
3,320,000 
3,127,000 
56,000 
612,000 
7b, 000 
2,7 21,000 
674,000 
S24, 165,000 

3,626,000 

627,613,000 


d.  Recreational  Cost 
Park  Land  Acquisition 

Development  of  Planned  Recreation  Facilities 
Total  Recreational  Cost 


6  5,114,000 
4,106,000 
6  9,220,000 


C.  Total  Project  Cost  (A+d; 


637,033,000 


♦Updated  to  October  196i  prices. 

SOU  Ret:  Project  Development  Report  on  Little  Seneca  Laice  for  the  Washington 

suourban  Sanitary  Commission,  by  black  and  Veatch,  Consulting  engineers. 


reviewed  by  the  Corps  of  Engineers  as  part  of  the  Section  404  permit  application.  The 
results  of  this  review  indicated  that  the  primary  environmental  concerns  were  the  water 
quality  projections  and  the  quality  of  fishery  in  the  lake  and  downstream  area.  The 
Corps  of  Engineers  prepared  an  Environmental  Assessment  on  the  Little  Seneca  Lake 
project  to  discuss  the  issues  of  concern  that  were  identified  in  the  review  of  the 
Assessment  prepared  by  the  WSSC.  The  additional  analysis  indicated  that  fair  to  good 
water  quality  will  exist  in  the  lake  and  that  water  quality  will  improve  in  Seneca  Creek 
downstream  from  the  dam.  A  moderate  warm-water  fishery  can  be  expected  in  the  lake 
with  potential  for  a  high  quality  fishery  with  proper  management  of  the  lake.  The  dam 
will  tend  to  decrease  habitat  diversity,  and  thus  diminish  the  quality  of  the  fishery  for 
approximately  six  miles  downstream  from  the  dam,  at  which  point  substantial  recovery 
of  the  fishery  would  be  expected.  Overall,  the  diversity  of  the  recreation  fishery 
opportunities  within  the  region  will  increase  with  the  construction  of  the  Little  Seneca 
Lake  project  due  to  the  continuation  of  the  downstream  fishery  and  the  addition  of  the 
warm-water  lake  fishery. 

In  summary,  the  construction  of  Little  Seneca  Lake  project  is  not  expected  to  have  a 
significant  impact  on  the  environment.  The  project  will  be  a  valuable  addition  for 
alleviating  future  regional  water  supply  shortages  and  will  contribute  to  a  more  efficient 
management  of  the  water  resources  of  the  region. 

Project  Status 

As  mentioned  before,  the  required  permit  was  issued  and  construction  began  in  the  fall  of 
1982  with  completion  expected  in  late  1984.  The  advanced  status  of  the  project  merited 
its  inclusion  as  part  of  the  baseline  conditions  for  the  MWA  Water  Supply  Study. 

Occoquan  Dam  Modifications 

In  recognizing  the  need  to  accommodate  continuing  urban  development,  FCWA  com¬ 
missioned  the  consulting  engineering  firm  of  Greely  and  Hansen  in  1970  to  prepare  a 
comprehensive  report  that  would:  (1)  evaluate  additional  water  supply  needs;  (2)  in¬ 
vestigate  feasible  alternative  means  for  satisfying  these  needs;  and  (3)  recommend  a 
program  of  progressive  water  supply  improvements  to  continuously  maintain  an  adequate 
system  for  the  county.  Among  the  potential  water  supply  alternatives  identified  by  this 
report  for  further  investigation  was  a  proposal  to  increase  the  existing  storage  capacity 
of  the  Occoquan  Reservoir  through  construction  of  a  five-foot  structural  addition  to  the 
existing  spillway  on  the  Upper  Dam.  The  rationale  behind  the  five-foot  raising  can  be 
traced  back  to  the  original  design  of  the  Upper  Dam  and  Reservoir.  In  planning  for  the 
future  and  recognizing  the  fact  that  the  present  water  supply  storage  capacity  of  the 
reservoir  (9.1  billion  gallons)  would  one  day  be  inadequate  to  satisfy  the  county's  growing 
needs,  the  Alexandria  Water  Company  (later  reorganized  as  the  Virginia  American  Water 
Company)  designed  and  constructed  the  Upper  Dam  with  provisions  in  the  spillway 
section  to  allow  for  a  maximum  height  increase  of  five  feet;  while  still  insuring  the 
structural  stability  of  the  dam  under  the  increased  pressures. 

In  further  pursuing  the  five-foot  increase,  FCWA,  in  November  1971,  commissioned  the 
consulting  engineering  firm  of  Harza  Engineering  to  inspect  the  Upper  Dam  in  order  to 
determine  its  condition  and  to  make  a  feasibility  study  of  increasing  the  height  of  the 
dam.  The  draft  report  presenting  Harza's  findings  was  submitted  to  the  FCWA  in  April 
1973. 
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Recognizing  that  tne  present  storage  capacity  of  tne  Occoquan  Reservoir  could  be 
severely  tested  and  could  leave  serious  doubt  as  to  its  adequacy  for  providing  sufficient 
storage  in  the  event  of  a  prolonged  drought  U930-31,  mid-bO's,  summer  of  1977!,  the 
Fairfax  County  board  of  Supervisors  created  a  special  water  suppiy  committee  in  tne  fall 
of  i 9/7.  The  major  work  efforts  of  the  committee  were  directed  toward  conducting  a 
thorough  investigation  of  the  county's  water  supply  situation  and  recommending  viable 
alternatives  that  would  be  responsive  to  the  present  and  projected  water  needs  of  the 
county.  The  major  recommendation  resulting  from  the  committee's  study  was  a 
reinforcement  of  the  previous  proposal  to  increase  the  height  of  the  Upper  Dam.  The 
committee's  recommendation  was  further  echoed  by  the  Virginia  State  Water  Control 
ooard  and  the  State  Water  Supply  Commission  in  their  joint  report  published  in  1977. 

Therefore,  after  several  years  of  studies  FCWA  in  January  197$  authorized  the  Harza 
engineering  Company  to  review  and  update  the  1973  report.  In  the  revised  document, 
special  emphasis  was  placed  on  presenting  a  detailed  engineering  study,  complete  with 
designs  and  cost  data  on  the  effect  of  raising  the  spillway  structure  and  subsequent  pool 
level  elevation  by  five  feet  and  of  its  gate  operations  on  water  levels  both  upstream  and 
downstream  of  the  dam.  Subsequent  to  this,  in  July  197$,  FCWA  requested  Harza,  as 
part  of  the  same  study,  to  prepare  a  brief  evaluation  complete  with  engineering  designs 
and  cost  on  the  effect  of  raising  the  spillway  height  two  feet  via  temporary  flashboards. 
The  two-foot  alternative  was  evaluated  based  on  backwater  curve  analyses,  an  analysis 
of  upstream  flooding  rights,  preliminary  economic  considerations,  and  ease  of 
implementation  studies  performed  by  FCWA.  In  December  i97$,  Harza  forwarded  its 
report,  entitled  Increase  in  Height  of  the  Upper  Occoquan  Dam,  which  investigated  the 
five-foot  extension,  and  suomitted  its  findings  on  the  two-foot  extension  as  well.  In 
January  1979,  after  a  tnorougn  evaluation  of  the  Harza  findings  with  regard  to  both  the 
five-foot  and  two-foot  extensions,  FCWA  announced  that  as  an  alternative  to  the  five- 
foot  extension,  it  wouid  proceed,  after  approval  of  the  Water  Authority  board,  with 
raising  the  spiilway  structure  by  two  feet.  This  decision  was  based  on  economics,  ease  of 
implementation,  and  existing  flood  easement  rights  owned  by  the  Authority.  In 
November  19*0,  FCWA  completed  the  installation  of  a  two-foot  addition  to  the  height  of 
the  Upper  Occoquan  Dam. 

Project  Description 

The  Occoquan  Reservoir  system  consists  of  an  upper  and  lower  dam.  Both  structures  are 
located  on  the  Occoquan  River  just  upstream  of  the  Town  of  Occoquan,  Virginia.  The 
Lower  Dam,  constructed  in  1930,  is  a  concrete,  gravity-type  structure  approximately  30 
feet  high  and  436  feet  wide.  The  spillway  is  ogee-shaped  and  3S7  feet  wide,  with  a  crest 
elevation  of  32  feet  mean  sea  level  (msl).  This  dam  impounds  a  relatively  small  reservoir 
containing  about  33  millions  gallons  of  water  (16$.$  acre-feetj.  A  350-kilowatt  (kw! 
hydroelectric  generator  also  is  in  use  below  this  dam. 

The  Upper  Dam,  located  approximately  3,000  feet  upstream  from  the  Lower  Dam,  was 
constructed  and  placed  in  service  by  the  Alexandria  Water  Company  (now  Virginia 
American  Water  Company!  in  1957.  It  is  a  concrete,  gravity-type  structure  with  a  height 
of  b3  feet  and  an  overall  width  of  733  feet.  The  dam  has  a  maximum  height  of  70  feet 
above  the  foundation  except  for  the  intake  structure,  which  is  at  elevation  130  feet  msl 
or  *0  feet  aoove  the  foundation.  The  impoundment  controls  a  drainage  area  of  570 
square  miles.  At  its  normal  conservation  pool  elevation  of  i  22  feet  msl  whicn  includes 
tne  two-ioot  aduition,  the  reservoir,  as  presently  operated,  has  a  total  storage  capacity 
of  n.i  billion  gallons  of  water  v33,900  acre-feet!  with  iQ.3  billion  gallons  t3i,b00  acre- 


feet!  allocated  for  water  supply.  There  is  no  incidental  flood  control  storage  provided 
for  by  tne  Upper  Dam.  The  normal  conservation  pool  creates  a  water  surface  area 
covering  i,9uu  acres.  FCWA  owns  flooding  rights  up  to  elevation  i3 0  feet  msl.  The 
mainstem  of  tne  reservoir  extends  about  ib  miles  upstream  along  tne  Occoquan  River  to 
i.aKe  jaCKson.  A  branch  stem  extends  aoout  six  miles  upstream  along  bull  Run  to  the 
southern  kailroad  (refer  to  Figure  F-21  for  a  geographic  location  of  the  system!. 

ihe  raw  water  intake  structure  is  located  on  the  north  end  of  the  dam,  80  feet  above  the 
foundation.  This  structure  serves  raw  water  pipelines  that  lead  to  the  water  treatment 
plant  located  less  than  a  mile  downstream  from  the  dam.  In  1966,  three  additional 
intakes  were  installed  in  the  south  or  non-overflow  section  of  the  dam. 

A  small  hydroelectric  facility  with  two  500  kw  generating  units  adjoins  the  intake 
structure  on  the  downstream  side  of  the  dam.  This  powerhouse  is  reported  capable  of 
generating  17,500  kilowatt-hours  per  day.  According  to  FCWA's  reservoir  management 
plan,  power  is  generated  only  when  there  is  surplus  water  available.  Figure  F-21  shows 
the  location  of  these  existing  reservoirs. 

The  spillway  structure  for  the  Upper  Dam  is  523  feet  long,  has  an  ogee  shape,  acts  in  a 
-  free  overflow  manner,  and  has  a  crest  elevation  of  122  feet  msl,  including  the  two-foot 
extension.  It  should  be  noted  here  that  in  1972,  Tropical  Storm  Agnes  produced  flood 
flows  that  overtopped  the  spillway  and  all  of  the  non-overflow  portions  of  the  dam  for 
the  full  730  feet  of  its  length  and  more.  Since  the  reservoir  is  used  for  both  water  supply 
and  hydropower  generation,  the  outlet  works  relate  primarily  to  these  functions.  The 
combined  maximum  one-day  treatment  capacity  of  the  two  Occoquan  Water  Treatment 
Plants  iLorton  and  Occoquan!  is  approximately  112  mgd.  On  a  maximum  30-  and  7-day 
operation,  the  combined  rated  capacities  of  the  plants  are  64  mgd  and  95  mgd, 
respectively.  In  addition,  when  the  hydroelectric  generators  are  in  full  operation, 
approximately  150  mgd  passes  through  them.  Two  24-inch  gate  valves  and  one  36-inch 
gate  valve  are  available  to  pass  water  through  the  dam  bypassing  the  generators.  The 
safe  yield  of  the  reservoirs  at  its  present  operating  pool  elevation  of  122  feet  msl  is  67.5 
mgd.  fable  F-17  presents  the  pertinent  data  for  the  Upper  Dam. 

Spillway  Extension 

As  mentioned  before,  FCWA  released  a  detailed  report  in  December  1978,  entitled 
Increase  in  Height  of  Upper  Occoquan  Dam,  which  investigated  the  feasibility  of  raising 
the  then  conservation  pool  level  elevation  of  the  reservoir  from  120  feet  msl  to  125  feet 
msl.  Since  that  report,  FCWA  has  raised  the  spillway  two  feet. 

A  remaining  option  would  be  to  raise  the  spillway  three  more  feet  to  achieve  the  full  five 
foot  addition  originally  considered.  While  the  FCWA  now  considers  this  option  to  be 
undesirable  (primarily  due  to  the  additional  flooding  easements  which  would  be  required!, 
the  three-foot  addition  was  carried  through  the  formulation  process  as  a  potential  site 
for  future  water  supply  storage. 

In  the  1978  report,  five  alternatives  were  considered,  and  all  included  the  installation  of 
gates.  Ihe  alternative  which  involved  installation  of  eight  tainter  gates,  5  feet  high  and 
6/  feet  long,  was  recommended  for  implementation  based  on  construction  cost  alone, 
inis  alternative,  i Alternative  2  in  the  above-mentioned  report!  would  not  change  tne 
crest  elevation  and  would  require  structural  modifications  necessary  for  installation  of 
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LOCATION  OF  THE  OCCOQUAN  DAM 
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PERTINENT  DATA  FOR  THE 
UPPER  OCCOQUAN  DAM  AND  RESERVOIR 


bottom  of  Dam 
Elevation,  Vfeet  msl/ 

Normal  Conservation  Pool 
Elevation,  (feet  msl) 

Total  Storage  at  Normal 
Conservation  Pool  Level 
Vbillion  gallons/acre-feet; 

Usable  Storage  at  Normal 
Conservation  Pool  Level 
Vbiiiion  gallons/ acre  -feet) 

Conservation  Storage 
vbiiiion  galions/acre-feet/ 

Flood  Control  Storage  above 
Normal  Conservation  Pool  level 
vbillion  gallons/ acre-feet/ 

bulfer  and  Inactive  Storage 
Vbiiiion  galions/acre-feet) 

Drainage  Area  to  Reservoir 
vsquare  miles/ 

Normal  Conservation  Pool 
Surface  area,  (acres) 

Flood  Control  Pool 
Surface  Area,  (square  miles) 


50.0 

122.0 

11.1/33,900 

10.3/31,600 

10.3/31,600 

0/0 

0.76/2,300 

570.0 

1,900.0 

Flood  easement  rights  up  to 
elevation  130  feet  msl  at  the  dam 
and  to  slightly  varying  higher  levels 
upstream 


Safe  Yield,  Normal  conservation 
Pool  elevation,  vmgd/ 


67.5 


the  gates.  This  alternative  would  increase  the  water  supply  storage  capacity  of  the 
reservoir  ii.5  billion  gallons  and  the  safe  yield  to  80  mgd.  Table  F-18  presents  the 
changes  in  the  project  data  with  the  three-foot  extension. 

Project  Cost 

The  estimated  cost  of  providing  tainter  gates  to  increase  the  conservation  pool  elevation 
by  three  feet  would  be  >1,981,000  (October  1981  prices).  This  reflects  updating  the  cost 
estimated  by  the  FCWA  consulting  engineer  (>1,547,000,  December  1978  price  level) 
using  the  ENR  Construction  Index.  This  estimate  does  not  include  the  costs  associated 
with  the  acquisition  of  additional  land  for  flooding  easements. 

environmental  Impacts 

The  impact  of  raising  the  impoundment  ievei  of  the  reservoir  by  three  feet  would  have 
varying  effects  on  the  ecology  of  the  reservoir  and  surrounding  areas.  Loss  of  wildlife 
naoitat  would  be  marginal.  Vegetated  fringe  areas  inundated  by  water  would  result  in  a 
temporary  loss  of  nesting  and  borrowing  habitat,  since  the  affected  terrestrial  species 
would  relocate  to  higher  elevations,  thereby  mitigating  any  long-term  impacts, 
enhancement  of  the  aquatic  habitat  in  the  reservoir  might  result  from  increasing  the 
pool  size  and  depth,  both  in  terms  of  submerged  areas  and  total  shoreline. 

The  Occoquan  watershed  (including  Cedar  Run)  presently  has  more  than  50  percent  of  the 
main  streams  encompassed  in  the  existing  or  authorized  impoundment.  Flooding  of  a 
portion  of  the  remaining  headwater  streams,  particularly  in  the  dull  Run  watershed, 
would  result  in  the  alteration  of  typical  headwater  habitat  and  would  reduce  the  amount 
of  free-flowing  stream  habitat  required  by  a  wide  range  of  fish  species  and  benthic 
organisms  for  propagation.  However,  no  significant  or  sensitive  habitat  would  be 
affected. 

Socio-Economic  Concerns 

At  present,  there  are  two  regional  parks  (Bull  Run  Marina  and  Fountainhead)  that  offer  a 
wide  variety  of  water-oriented  activities  at  the  Occoquan.  The  raising  of  the  Occoquan's 
normal  pool  three  feet  would  have  a  minimal  impact  on  these  activities  and  would  result 
in  an  overall  positive  contribution,  due  to  the  increase  in  the  surface  area  of  the  lake  and 
an  increase  in  the  amount  of  shoreline  available  for  recreational  use. 

Land  use  within  the  Occoquan  Basin  is  variable,  ranging  from  densely  populated 
residential  areas  to  open  parks  and  woodlands.  Most  of  the  land  immediately  adjacent  to 
the  reservoir  is  relatively  undeveloped  and  used  primarily  for  public  parks,  open  space, 
and  private  recreational  areas,  borne  additional  areas  along  the  i  00-year  floodplain  of 
Buu  Run  in  Prince  William  County  and  Fairfax  County  is  restricted  in  its  use.  Activities 
at  these  areas  should  only  be  temporarily  affected  by  an  increase  in  the  reservoir  level; 
however,  some  acreage  would  be  losi  permanently  to  the  new  reservoir  levels. 


TAbLfc  F-16 


COMPARISON  OF  PERTINENT  DATA  FOR  THE 
OCCOQUAN  DAM  AND  EXTENSION 


Existing 


Five-Foot  Extension 


bottom  of  Dam 
Elevation,  (feet  msi) 

Normal  Conservation  Pool 
elevation,  vfeet  msi) 

lotal  Storage  at  Normal 
Conservation  Pool  Level 
(billion  gaiions/acre-feet) 

Usable  Storage  at  Normal 
Conservation  Pool  Level 
vbiiiion  gallons/acre-feet) 

Conservation  Storage 
Vbiiiion  gaiions/acre-feet) 

buffer  and  Inactive  Storage 
Vbiiiion  gaiions/acre-feet) 

Drainage  Area  to  Reservoir 
Vsquare  miles) 

Normal  Conservation  Pool 
Surface  Area,  (acres) 

Flood  Control  Pool  Surface 
Area,  (acre) 


50.0 

50.0 

i22.0* 

125.0 

ii. i/33.900 

13.2/40,500 

i0.3/3i,600 

12.5/36,400 

10.3/31,600 

12.5/36,400 

0.76/2,300 

0.76/2,300 

570.0 

570.0 

1,900.0 

2,200 

Flood  easement  rights  up  to 
elevation  i30.0  feet  msi  at  the 
dam  and  to  slightly  varying  higher 
levels  upstream 


Safe  Yield,  mgd  67.5  60.0 

♦elevation  of  Conservation  Pool  as  a  result  of  the  recent  change  to  the  project. 
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Twenty-two  archaeological  sites  were  located  at  the  Occoquan  Reservoir  on  broad 
terraces.  This  indicates  a  high  potential  exists  for  additional  archaeological  sites  to  be 
present  along  the  stream  valleys  and  shorelines  of  the  existing  reservoir. 


Again,  it  is  important  to  note  that  the  FCW  A  considers  the  implementation  of  the  three- 
foot  addition  at  the  Occoquan  Dam  to  be  highly  unlikely  because  of  the  probable 
difficulty  in  acquiring  the  necessary  flooding  easements  (see  letter  from  the  FCW  A 
regarding  this  matter  in  Annex  C-Vlll-Background  Correspondence). 

Cedar  Run  Dam  ana  Reservoir 

In  August  i965,  Prince  William  County  commissioned  the  consulting  engineering  firm  of 
Wiiey  and  Wilson  to  prepare  a  comprehensive  water  supply  report  that  would  identify 
potential  reservoir  sites  capable  of  providing  sufficient  storage  capacity  to  satisfy  the 
projected  water  needs  of  the  entire  county  through  the  year  2000.  During  the  course  of 
the  study,  several  reservoir  sites  were  investigated.  Based  on  a  comparative  analysis  of 
field  cross-sections,  preliminary  designs  of  dams  and  spillway  lengths,  and  geological 
investigations  of  each  site,  it  was  concluded  that  the  Cedar  Run  Dam  and  Reservoir 
project  located  at  Brentsvilie,  Virginia,  was  the  most  feasible  source  of  water  supply  for 
meeting  the  county's  future  needs. 

The  i965  report  was  then  updated  both  in  196$  and  i976,  reflecting  changes  in  projected 
water  supply  requirements  and  project  costs.  With  these  revisions,  the  Cedar  Run 
project  was  still  recommended  as  the  most  feasible  water  supply  source  for  Prince 
William  County. 

in  June  1977,  Prince  William  County  pursued  the  Cedar  Run  project  to  the  point  of 
submitting  an  application  for  a  Department  of  the  Army  permit  pursuant  to  Section  404 
of  the  Federal  Water  Pollution  Act  Amendments  of  1972  (P.L.  92-500). 

On  26  September  197$,  the  Baltimore  District  Corps  of  Engineers  informed  Prince 
William  County  that  the  issuance  of  a  Department  of  the  Army  permit  would  not  be 
possible  at  that  time  for  the  following  reasons:  (1)  lack  of  sufficient  information  as 
required  by  the  permit  application;  and  (2)  objections  to  the  project  from  the  United 
States  Marine  Corps  Quantico  Marine  Base,  which  would  be  partially  inundated  in  some 
areas  if  the  project  were  constructed.  It  was  also  stated  that  should  the  Marine  Corps 
express  its  approval  of  this  project,  Prince  William  County  could  resubmit  its  permit 
application  to  the  Baltimore  District. 

Other  water  supply  projects  which  have  been  examined  and  rejected  by  the  County  as 
alternative  to  the  Cedar  Run  project  include  impounding  other  streams,  development  of 
groundwater  resources,  construction  of  Soil  Conservation  Service  multi-purpose  water 
supply  ana  iiooa  control  impoundments,  ana  use  of  the  Potomac  Estuary  waters. 

Project  Description 

The  ceoar  Run  Project  would  be  located  about  i,2U0  feet  upstream  of  the  confluence  of 
Broaa  Run  and  Cedar  Run,  less  than  five  miles  above  the  Occoquan  Reservoir  in  Fairfax 
County,  Virginia.  The  project  would  be  in  Prince  William  County,  Virginia,  near  the 
community  of  brentsville.  Figure  F-22  shows  the  location  of  the  project.  The  dam 


would  be  a  day-core,  earthfili  structure  with  rockfill  ballast  and  a  separate  spillway. 

The  dam  would  be  40  feet  high  and  800  feet  long.  The  top  of  dam  elevation  would  be  190 
feet  msl  and  the  project  would  control  a  drainage  area  of  197  square  miles. 

The  reservoir  at  its  normal  conservation  pool  level  elevation  of  180  feet  msl  would  have 
a  total  storage  capacity  of  8.96  billion  gallons  of  water  (27,500  acre-feet!  with  8.22 
billion  gallons  (25,222  acre-feet!  allocated  for  water  supply.  Incidental  to  the  water 
supply  storage,  the  reservoir  would  also  provide  storage  for  approximately  3.5  billion 
gallons  of  water  (10,739  acre-feet!  for  flood  control.  At  the  normal  conservation  pool 
level,  2,550  acres  of  water  surface  area  would  be  created  while  a  surface  area  of  3,240 
acres  would  be  created  at  the  maximum  flood  pool  elevation  of  187  feet  msl. 

The  uesign  of  the  principal  spillway  structure  was  based  on  stream  gage  records  for  a 
stream  gage  located  on  dull  Run  near  the  City  of  Manassas.  Review  of  this  stream  gage 
records  indicates  that  a  spillway  width  of  450  to  500  feet  would  be  required. 

Although  the  outlet  works  required  to  handle  non-flood  flows  have  not  been  designed, 
preliminary  analyses  have  indicated  that  these  structures  must  incorporate  fish  handling 
and  protection  devices.  In  addition,  it  must  be  capable  of  providing  for  a  minimum 
release  of  20  cubic  feet  per  second  (12.9  million  gallons  per  day!. 

The  project's  safe  yield,  based  on  a  maximum  flood  pool  elevation  of  187.0  feet  msl  and  a 
normal  conservation  pool  elevation  of  180  feet  msl,  is  estimated  to  be  44.5  mgd; 
however,  the  additional  yield  to  the  Occoquan  system  is  only  25  mgd.  Higher  yields 
would  have  detrimental  effects  on  the  water  supply  capability  of  FCWA's  Occoquan 
Reservoir.  Table  F-19  presents  the  pertinent  project  data. 

Project  Cost 

Table  F-20  presents  a  breakdown  of  the  construction  cost  as  available  from  the  firm  of 
Wiley  and  Wilson,  who  performed  the  original  work.  Real  estate  costs  were  developed  by 
the  Corps  of  Engineers  and  are  presented  in  October  1981  dollars.  All  construction  costs 
have  been  updated  to  reflect  October  1981  dollars  using  the  ENR  indices. 

Environmental  Impacts 

This  project  site  is  located  on  Cedar  Run,  several  hundred  feet  above  the  confluence  of 
Cedar  Run  and  Broad  Run  in  Prince  William  County,  Virginia.  The  impoundment  area 
would  inunaate  approximately  4,030  acres  of  land  at  the  normal  pool  level. 

Approximately  53  miles  of  shoreline  would  be  created  along  with  a  storage  capacity  of 
8.9  billion  gallons  of  water. 


FIGURE  F-22 


PROJECT  SITE  LOCATION  FOR  THE  CEDAR 
RUN  DAM  AND  RESERVOIR 


TABLE  F-19 


PERTINENT  DATA  FOR 
CEDAR  RUN  DAM  AND  RESERVOIR 


bottom  of  Dam 

Elevation,  Ueet  msi) 

144.0 

Normal  Conservation  Pool 
elevation,  (feet  msi; 

140.0 

total  storage  at  Normal 
conservation  Pool  Level 
vbiiiion  gallons/acre-feet; 

4.96/27,500 

Usable  Storage  at  Normal 

Conservation  Pool  Level 
(billion  gallons/acre-feet) 

4.22/25,237 

Flood  Control  Storage  above 

Normal  Conservation  Pool  level 
(billion  gallons/acre-feet) 

3.50/10,750 

Buffer  and  Inactive  Storage 
(billion  gallons/acre-feet) 

0.73/2,227 

Drainage  Area  to  Reservoir 
(square  miles) 

197.0 

Normal  Conservation  Pool  Elevation 
surface  area,  (acres) 

4 

2,550 

Flood  Control  Pool  Elevation 
surface  area,  (acres) 

3,240 

Safe  yield,  ‘.mgd;* 

25.0 

*  Represents  yield  to  the  Occoquan  system,  without  detrimental  effects  to  downstream 
reservoirs. 


TABLE,  F-20 


PROJECT  CONSTRUCTION  COSTS  FOR 
CEDAR  RUN  DAM  AND  RESERVOIR 
1  October  1981  Prices) 


Capital  Costs 

excavation 

b  378,000 

Concrete 

3,966,000 

Gates,  Piping,  Controls,  etc. 

1,536,000 

ouototal 

b5, 882, 000 

j>0*>  Engineering  and  contingencies 

1,765,000 

fotai 

b7, 647, 000 

Land  costs 

Land 

bi5,3b0,000 

Improvements 

3,840,000 

Severance 

1,280.000 

Subtotal 

$20,480,000 

Relocation  (Residences  and  Businesses) 

2.560,000 

Total 

$23,040,000 

The  two  principal  terrestrial  ecosystems  at  the  site  of  the  proposed  impoundment  are 
agricultural  and  upland  forest.  Areas  under  cultivation  comprise  about  1,880  acres. 

Corn,  wheat,  barley,  mixed  hay,  oats,  and  soy  beans,  and  pasture  grasses  are  important 
open  farm  habitats  supporting  quail,  deer,  Canada  geese,  rabbit,  red  fox,  woodchucks, 
dove,  and  pheasant.  There  also  exists  non-game  species  consisting  of  blackbirds, 
meadowlarks,  sparrows,  finches,  and  a  wide  variety  of  small  mammals,  reptiles,  and 
amphibians.  According  to  the  Virginia  Commission  of  Game  and  Inland  Fisheries,  the 
Cedar  Run  drainage  area  contains  no  endangered  mammals,  birds,  reptiles,  or 
amphibians. 

Forestland  comprises  approximately  2,170  acres.  Riparian  species,  including  ash,  red 
birch,  flowering  dogwood,  slippery  elm,  sycamore,  ironwood,  oak,  pine,  black  walnut, 
hickory,  and  black  locust,  are  the  predominant  species. 

iwo  wildlife  areas  to  be  affected  by  the  proposed  project  include  741  acres  of  the 
Quantico  Marine  base  and  the  Merrimac  Game  Farm.  The  Quantico  area  is  heavily 
utilized  for  hunting  and  accounts  for  75  percent  of  the  woodcock,  15  percent  of  the 
turkey,  5  to  7  percent  of  the  deer,  and  5  percent  of  the  remaining  small  game  harvest  on 
the  2,000-acre  base.  At  flood  stage,  this  would  mean  the  loss  of  3 75  acres  of  game  farm 
habitat  resulting  in  a  reduction  of  the  harvest. 

Cedar  Run  and  its  tributaries  are  typical  of  the  shallow  and  warm-water  streams  found  in 
the  Virginia  Piedmont.  The  streams  support  good  populations  of  iargemouth  bass, 
bluegiil,  sunfish,  and  yellow  bullheads,  as  well  as  wide  varieties  of  non-game  fish.  The 
water  quality  of  the  streams  appear  to  be  quite  good,  as  indicated  by  a  diverse  population 
of  mayflies,  stoneflies,  and  caddieflies.  An  extensive  population  of  benthic  organisms, 
including  a  variety  of  snails,  muscles,  and  crayfish,  inhabit  the  streams. 


Under  flood  pool  conditions,  substantial  portions  of  eight  warm-water  streams  would  be 
replaced  with  2,550  acres  of  a  warm-water  lake.  The  changes  that  would  take  place  in 
the  conversion  from  a  iotic  (running  water;  ecosystem  to  a  lentic  (standing  water; 
ecosystem  may  be  summarized  as  follows.  First,  there  would  be  a  marxed  decrease  in 
current  velocity.  This  could  affect  the  species  composition  of  the  community.  Tolerant 
species  such  as  smailmouth  bass,  crappies,  and  sunfish,  would  increase,  whereas  less 
tolerant  stream  species  such  as  the  darter  would  decrease.  Secondly,  the  land-water 
interface  of  the  lake  would  be  much  less  than  that  for  the  stream  due  to  the  greater 
depth  and  cross-sectional  area  of  the  lake.  Consequently,  the  reservoir  would  be  more  of 
a  closed  ecosystem  in  comparison  to  the  stream.  Lastly,  the  oxygen  would  be  more 
variable  within  the  reservoir  than  in  the  stream.  Oxygen  supply  is  generally  not  a 
problem  in  streams  due  to  their  shallowness,  constant  motion,  and  contact  with  the  air. 
Considering  these  three  points,  it  would  be  safe  to  predict  that  the  quality  of  fishing 
would  change  from  that  presently  in  the  stream. 

ihe  fishery  downstream  of  the  dam  would  also  be  expected  to  change.  The  decrease  of 
flow  in  Cedar  Run  below  the  dam  would  alter  the  depth,  velocity,  turbulence,  and 
hydraulic  cross  sections  in  the  downstream  channel.  This  may  consequently  affect 
temperatures,  turbidity,  and  dissolved  oxygen.  These  factors  may  affect  the  ability  of 
some  aquatic  species  to  survive,  especially  immediately  below  the  dam.  The  use  of 
selected  draw-off  levels  and  aeration  measures  could  maintain  adequate  dissolved  oxygen 
concentrations  and  temperatures. 

Encroachment  of  streambank  vegetation  resulting  from  the  reduction  in  average  annual 
flows  might  benefit  wildlife  species  by  providing  additional  coverage  and  forage. 
Degradation  of  the  free-flowing  stream  and  the  downstream  Occoquan  Reservoir  should 
be  decreased  due  to  sediment  entrapment  within  the  Cedar  Run  impoundment.  An  addi¬ 
tional  benefit  might  accrue  from  a  continual  release  of  water  which  could  dilute 
treatment  plant  effluent  concentrations  from  the  Bull  Run  watershed,  a  tributary  to  the 
Occoquan. 

Socio-Economic  Concerns 

The  direct  social  and  economic  impacts  which  might  result  from  the  proposed  project  can 
be  generally  associated  with  present  land  use  practices  in  the  affected  area.  It  is  antici¬ 
pated  that  the  area  surrounding  the  Cedar  Run  impoundment  would  retain  its  rural 
character  for  many  years;  however,  the  Prince  William  County  Board  of  Supervisors  has 
recently  indicated  that  some  farmland  in  the  vicinity  is  being  converted  into  residential 
suodivisions. 

Perhaps  a  more  significant  impact  would  be  the  relocation  of  iand  owners,  transporta¬ 
tion,  and  utility  systems  as  a  result  of  the  project.  One  hundred  and  thirty-eight 
landowners,  v9*  properties  in  Prince  William  County  and  39  properties  in  Fauquier 
County;  would  be  affected.  Seven  transportation  routes  would  require  relocation 
including  two  secondary  routes  and  five  unimproved  routes.  These  actions  might 
temporarily  disrupt  local  traffic  flow  in  the  area.  Since  no  major  roadways  pass  through 
the  project  area,  there  would  be  no  major  disruption  of  regional  transportation  flows. 

In  addition,  a  preliminary  archaeologic  appraisal  of  the  region  has  resulted  in  the 
recognition  that  a  high  potential  for  archaeologic  and  historic  resources  exists  in  the 
Cedar  Run  area.  Fifteen  prehistoric  sites  were  revealed  through  consulting  with  local 
artifact  collectors.  In  addition,  13  historical  sites  and  properties  were  identified. 
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On  the  positive  side,  a  new  source  of  water  for  Prince  William  County  would  benefit  not 
only  county  residents,  but  the  MW  A  as  well,  as  more  Occoquan  water  could  be  made 
available  to  the  rapidly  growing  areas  of  the  region,  particularly  Fairfax  County. 

Although  no  master  plan  for  recreation  has  been  developed,  the  local  authorities  have 
indicated  their  plans  for  construction  of  recreational  facilities  at  the  Cedar  Run  site.  It 
should  be  noted  that  even  though  the  Virginia  Commission  on  Outdoor  Recreation  would 
be  the  iead  agency  in  developing  the  recreational  potential  of  this  site,  there  might  be 
impiementation  problems  in  gaining  the  agreement  of  ail  jurisdictions  to  build  the 
reservoir.  Fauquier  County,  the  Federal  government,  and  Prince  William  County's 
interest  would  need  to  oe  taken  into  account  as  their  ianos  would  be  impounded.  A 
period  of  time  would  be  needed  for  acquisition  by  the  county  of  those  lands  belonging  to 
the  ivtarine  Corps,  assuming  that  the  Marine  Corps,  as  well  as  the  legislative  representa¬ 
tives  in  the  area,  would  agree  to  this  acquisition.  A  bi-county  agreement  could  be 
negotiated  between  Fauquier  County  and  Prince  William  County  to  provide  them  with 
storage  potential  that  would  ameliorate  the  taking  of  their  land  for  the  reservoir. 
Recreational  benefits  could  also  help  to  offset  the  loss  to  the  county. 

SITES  FROM  THE  BLACK  AND  VEATCH  REPORT 

In  1974,  the  three  Potomac  River  Water  users,  WSSC,  FCWA,  and  WAD,  retained  the 
consulting  firm  of  Black  and  Veatch  to  investigate  and  develop  alternative  means  of 
providing  additional  water  supplies  adequate  for  the  growing  needs  of  the  MW  A,  including 
the  feasibility  of  interconnecting  the  three  service  areas. 

The  scope  of  these  investigations  was  limited  to  an  assessment  of  the  water  requirements 
and  potential  supply  deficiencies  of  the  three  service  areas.  The  results  of  these 
investigations  are  presented  in  the  report,  Water  Supply  Storage  for  Washington 
Metropolitan  Area,  Black  and  Veatch,  April  1974. 

The  purpose  of  this  section  is  to  summarize  the  data  pertaining  to  the  tributary  reservoir 
sites  investigated  by  the  above-mentioned  report.  This  will  include  the  location,  site 
description,  yield,  cost  estimate,  and  environmental  impacts  of  each  reservoir  site. 

The  Black  and  Veatch  report  indicated  that  there  were  substantial  number  of  available 
reservoir  sites  within  40  miles  of  Washington,  D.C.  that  were  capable  of  providing 
sufficient  raw  water  storage  to  augment  low  river  flow.  For  selection  of  these  sites,  the 
report  used  several  planning  criteria  to  include:  lal  Does  sufficient  storage  capacity 
exist  to  satisfy  potential  deficits?;  ibi  Is  the  proposed  reservoir  site  relatively  close  to 
the  MW  A  so  that  the  water  can  reach  water  intakes  in  a  reasonable  length  of  time?;  and 
(O  Would  tne  proposed  reservoir  site  disrupt  any  existing  transportation,  development,  or 
power  transmission  facilities  to  an  unacceptable  degree? 

Initially,  50  potential  reservoir  sites  were  considered.  Using  the  planning  criteria 
mentioned  above,  29  sites  were  dropped  from  further  analysis.  The  21  remaining  sites 
are  shown  on  Figure  F-23  and  Table  F-21  presents  the  pertinent  data  on  these  sites.  The 
costs  of  these  projects  have  been  updated  to  reflect  October  19Si  prices. 

The  reservoir  sites  for  the  Black  and  Veatch  report  were  sized  three  different  ways: 

1985  conditions,  maximum-sized  1985  conditions,  and  full  utilization  of  storage.  For  the 
purposes  of  this  study,  only  the  full  utilization  of  storage  was  considered. 
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Project  Descriptions 

Most  of  these  2i  sites  are  located  on  small  tributaries  with  insufficient  flow  to  maintain 
fuii  reservoirs  during  extended  drought  periods,  ihese  reservoirs  would  require  pumps  to 
withdraw  water  from  the  Potomac  River  during  high  flow  periods  to  refill  the  reservoir 
storage.  During  the  low  flow  periods,  water  from  these  reservoirs  could  be  released  to 
maKe  up  the  flow  deficiencies  in  the  Potomac  River.  Due  to  high  pumping  costs,  the  cost 
per  mgd  of  these  reservoirs  are  very  high.  These  reservoirs,  however,  could  be  used  as  a 
supplementary  source  as  their  releases  could  reach  the  MWA  in  a  short  period  of  time. 

environmental  and  Cultural  Assessment 


As  mentioned  before,  there  are  many  sites  physically  suitable  for  use  as  impoundments 
within  the  MWA.  The  Black  and  Veatch  report  selected  21  sites.  One  of  the  reservoirs, 
L-18  on  deaverdam  Creek,  has  been  constructed  since  publication  of  the  Black  and 
Veatch  report.  This  reservoir  is  described  in  detail  in  Appendix  3,  Outlying  Service  Areas 
(Fairfax  City).  The  following  section  briefly  describes  the  environmental  and  cultural 
characteristics  of  the  areas  where  the  remaining  20  sites  are  located.  The  discussion  is 
not  site-specific,  but  rather  it  centers  around  the  watershed  in  which  the  impoundment 
sites  are  located.  Fifteen  of  the  selected  sites  are  located  in  Virginia,  while  five  sites 
are  in  Maryland.  Figure  F-23  shows  the  locations  of  these  sites.  Table  F-22  presents  the 
watershed,  influent  stream,  and  acres  inundated  for  each  site. 

Catoctin  Creek  Basin  Sites 

Catoctin  Creek  is  a  tributary  of  the  Potomac  River  where  two  of  the  proposed  sites  1L-1 
and  L-4;  are  located.  The  headwaters  arise  in  the  Blue  Ridge  Mountains  and  form  two 
principal  streams,  the  North  Fork  and  the  South  Fork.  The  stream  flows  northeasterly 
through  the  Piedmont  Region  of  Loudoun  County  and  empties  into  the  Potomac  River 
just  north  of  Leesburg,  Virginia.  The  stream  has  an  average  flow  of  117  cfs  176  mgd)  and 
displays  a  highly  variable  flow,  particularly  during  the  summer  and  fall  months. 

Presently,  22  percent  of  the  watershed  is  in  forest  cover  imostly  hardwoods;,  22  percent 
in  cropland,  and  51  percent  in  pasture.  Towns,  villages,  roads,  and  other  development 
presently  occupy  approximately  five  percent  of  the  watershed.  Increases  in  urban  uses 
are  expected  to  be  very  significant  over  the  next  10  to  15  years  as  urbanizing  pressures 
irom  the  Washington,  D.C.  area  exert  greater  influence  in  Loudoun  County. 

In  the  watershed,  a  wide  variety  of  small  mammals  and  birds  utilize  the  area.  Game 
animals  are  common  and  often  visible  as  they  move  between  the  stream  and  the  Catoctin 
Mountains.  Small  game  are  also  abundant  in  the  form  of  raccoon,  mink,  muskrat,  and 
rabbit.  Game  birds  and  waterfowl  are  found  in  significant  numbers  utilizing  the  stream 
and  its  associated  habitat. 

The  water  quality  is  generally  good  to  fair.  Fish  inhabitants  include  iargemouth  and 
smallmouth  bass,  chubs,  sunfish,  catfish,  and  minnows.  There  is  some  recreational 
fishing,  but  it  is  limited  by  the  creek's  size  and  flow  characteristics.  A  1981  biological 
survey  conducted  by  the  Virginia  State  Water  Control  Board  showed  that  Catoctin  Creek 
has  a  productive  and  diverse  invertebrate  community. 
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TAbLE  F-22 


ENVIRONMENTAL  DATA  FOR  THE 

BLACK  AND  VEAl’CH  RESERVOIR  SITES 

bite 

Numoer 

Watershed 

Influent  Stream 

Acres 

Inundated 

L-i 

Catoctin  Creek 

Catoctin  Creek 

1,340 

L-4 

Catoctin  Creek 

Tributary  of  S.  Fork 

Catoctin  Creek 

169 

L~5 

** 

Limestone  Branch 

138 

L-6 

** 

S.  Fork  Limestone  Branch 

260 

L-7 

Goose  Creek 

Tuscarora  Creek 

375 

L-8 

Goose  Creek 

N.  Fork  Goose  Creek 

1,220 

L-9 

Goose  Creek 

Beaverdam  Creek 

970 

L-ii 

Goose  Creek 

Beaverdam  Creek 

870 

L-i  5 

Goose  Creek 

Cromwell  Run 

570 

L-20 

Goose  Creek 

N.  Fork  Goose  Creek 

1,880 

L-/U 

Goose  Creek 

Goose  Creek 

2,600 

L-24 

Bull  Run 

Upper  Bull  Run 

L-25 

Goose  Creek 

Goose  Creek 

2,920 

L-26 

** 

Piney  Run 

275 

L -l7 

** 

Dutchman  CreeK 

275 

M-3 

Monocacy  River 

Little  Monocacy  River 

330 

M-4 

Monocacy  River 

Tributary  of  Little 

Monocacy  River 

1,170 

M-5 

Seneca  Creek 

Tenmile  Creek 

690 

M-6 

Seneca  Creek 

Seneca  Creek 

670 

M-7 

Seneca  Creek 

Hookers  Branch 

185 

**  The  influent  stream  empties  directly  into  Potomac  River. 


l'he  Commonwealth  of  Virginia  has  designated  a  16-mile  section  of  Catoctin  Creek,  from 
the  town  of  Waterford  to  its  junction  with  the  Potomac  River  as  a  "Scenic  River."  This 
designation  provides  for  preservation  of  the  stream's  scenic  and  historical  attributes  and 
limits  development  of  the  stream  and  its  floodplain.  Impoundments  of  any  portion  of  the 
stream  can  be  carried  out  only  through  special  permission  by  the  Virginia  General 
Assembly.  Impoundment  Site  L-i  is  located  on  the  main  stem  of  Catoctin  Creek  less 
tnan  one  mile  from  its  confluence  with  the  Potomac  River.  A  dam  at  this  location  would 
inundate  most  of  the  main  stem  which  has  received  scenic  river  status.  Site  L-4  is 
located  on  an  unnamed  tributary  of  the  South  Fork.  This  section  of  river  is  not  included 
within  the  area  covered  by  the  scenic  river  status. 

The  Catoctin  Creek  Watershed  lies  east  of  the  historic  community  of  Hillsboro  and  north 
of  the  historic  community  of  Leesburg.  Due  to  the  watershed's  pristine  condition,  the 
watershed  contains  a  high  potential  for  both  prehistoric  and  historic  resources.  The 
areas  of  sensitivities  include  the  floodplains,  interfluvial  terraces,  higher  peninsulas 
formed  by  bends  in  the  stream  where  tributaries  merge,  hollows,  and  ridge  and  bluff 
constrictions  within  the  watershed. 

The  potential  for  finding  prehistoric  sites,  starting  with  Paleo-Indian  through  the  Archaic 
and  Woodland  prehistoric  cultures  is  high.  The  sensitive  areas  include  the  small  hollows 
where  there  exists  the  possibility  of  prehistoric  quarries,  rock  shelters,  and  camp  sites  as 
well  as  early  historic  colonial  mill  sites.  Similarly,  the  Catoctin  Creek  tributary  to 
Impoundment  L-4  lies  east  of  the  historic  community  of  Waterford.  This  impoundment 
consists  of  two  small  undeveloped  hollows  that  may  also  contain  prehistoric  sites  and 
historic  mill  resources. 

Goose  Creek  Basin  Sites 

Nine  of  the  proposed  impoundments  are  located  within  the  Goose  Creek  watershed. 

Goose  Creek  is  the  largest  stream  in  Loudoun  County  and  has  an  average  discharge  of 
3i0  cfs  UOQ  mgd)  at  Evergreen  Mills.  The  main  stem  from  the  Loudoun-Fauquier  County 
line  to  its  confluence  with  the  Potomac  River  has  been  designated  a  State  Scenic  River. 
Due  to  a  lack  of  intensive  development  in  the  watershed,  and  more  specifically  along  the 
river  corridor,  there  are  extensive  areas  of  high  scenic  and  natural  value.  The  associated 
fish  and  wildlife  resources  in  the  area  are  also  of  high  quality.  Being  designated  a  Scenic 
River  by  the  State  has  bestowed  protected  status  upon  the  stream  and  thus  the 
development  of  the  area  is  under  close  scrutiny.  A  majority  of  the  land  bordering  the 
river  is  forested,  with  the  remainder  involved  with  agricultural-related  uses. 

The  Goose  Creek  corridor  harbors  good  wildlife  populations.  Large  mammals  include 
deer,  bobcat,  gray  fox,  skunk,  raccoon,  opossum,  rabbit,  and  gray  squirrel.  Avian  species 
present  include  wood  duck,  quail,  woodcock,  and  turkey.  Fish  species  include  sunfish, 
rock  bass,  largemouth  and  smallmouth  bass,  dace,  and  darters.  Water  quality  was  rated 
good  to  fair  by  the  Virginia  State  Water  Control  Board  in  1980.  Additionally,  a  biological 
survey  revealed  a  good  density  and  diversity  of  aquatic  invertebrates. 

Two  of  the  proposed  impoundment  sites,  L-21  and  L-25,  are  on  the  portion  of  the  main 
stem  which  has  received  State  Scenic  River  status,  and  thus  could  prove  difficult  for 
implementation.  Also,  Site  L-20  is  located  on  the  lower  reach  of  the  North  Fork  of 
Goose  Creex  which  appears  to  have  many  of  the  quality  characteristics  of  the  main 
stem.  Site  L-8  on  the  North  Fork,  L-ll  and  L-9  on  Beaverdam  Creek,  and  L-15  on 
Gromwelis  kun,  ail  of  which  are  located  further  up  in  the  Goose  Creek  drainage  area,  are 


basically  similar  in  having  reasonably  good  water  quality  and  being  bordered  by  a  mixture 
of  forest,  cropland,  pasture,  and  old  fields.  The  environmental  impacts  of  an  impound¬ 
ment  on  these  tributaries  would  be  less  than  on  the  main  stem  of  Goose  Creek,  but  could 
still  involve  significant  habitat  losses. 

Site  L-7  is  located  on  the  upper  reach  of  Tuscarora  Creek,  which  is  a  tributary  of  Goose 
Creek.  The  water  quality  of  Tuscarora  Creek  was  only  rated  as  fair  by  the  State  Water 
Control  board  in  i98Q.  It  suffers  from  some  nutrient  enrichment,  and  nitrate  measure¬ 
ments  have  been  high  at  some  stations.  It  is  impacted  by  sewage  treatment  plant 
discharges,  effluent  from  an  asphalt  plant  and  quarry  operations,  and  other  sources  from 
the  nearby  town  of  Leesburg.  It  appears  that  the  quality  of  wildlife  habitat  along 
Tuscarora  Creek  is  less  than  the  other  potential  project  sites  in  the  Goose  Creek 
watershed. 

In  terms  of  cultural  resources,  the  Goose  Creek  watershed  lies  in  the  Piedmont  region 
and  provides  a  natural  path  to  the  Shenandoah  Valley  where  there  are  several  National 
Register  sites.  Because  the  watershed  is  undeveloped,  and  is  principally  forest,  cropland, 
and  pasture  land,  the  eight  proposed  upstream  impoundments  contain  high  potential  for 
both  prehistoric  and  historic  resources.  Immediately,  to  the  east  of  Goose  Creek  at  Cub 
Run,  45  prehistoric  sites  were  located  during  a  1980  survey  of  a  4-square  mile  area.  The 
sensitive  areas  at  Goose  Creek  watersheds  include  floodplains,  interfluvial  terraces,  ter¬ 
races  at  bends  in  the  stream,  where  tributaries  merge,  hollows,  and  where  ridge  and  bluff 
constrictions  occur  in  the  watersheds.  Also,  standing  structures  and  razed  mill  sites  in 
the  proposed  impoundment  areas  may  be  of  significance. 

Bull  Run  Basin  Sites 

Buli  kun  originates  in  the  Bull  Run  Mountains  near  the  Fauquier  County  border  and  flows 
in  a  southeasterly  direction  eventually  entering  the  Occoquan  Reservoir.  The  majority  of 
the  watershed  area  is  still  agricultural  or  forested;  however,  the  entire  watershed  is 
experiencing  urbanization  pressure.  The  topography  of  the  area  is  gently  rolling,  with 
isolated  steep  areas  along  streams  and  in  the  mountains  at  the  top  of  the  watershed.  The 
high  diversity  of  present  land  use  provides  habitat  for  many  of  Virginia's  wildlife 
species.  Small  game  species,  such  as  rabbits  and  quail,  are  found  in  good  numbers. 
White-tailed  deer,  turkeys,  and  gray  and  fox  squirrel  are  found  in  forested  and  mixed 
open  lands.  Migratory  and  resident  game  birds  such  as  mourning  dove  and  woodcock,  and 
numerous  varieties  of  song  and  non-game  birds  are  found  in  fields  and  forests.  Migratory 
and  resident  waterfowl,  principally  mallards  and  wood  ducks,  may  be  found  wintering  on 
area  impoundments  and  streams. 

Water  quality  is  generally  good  in  the  headwaters  and  upper  reaches  of  Buli  Run,  with  the 
lower  reaches  suffering  from  the  effects  of  point  and  non-point  pollution.  The  streams 
contain  good  populations  of  warm-water  fish  (iargemouth  bass,  smallmouth  bass,  sunfish 
and  bluegilli  but  the  use  of  the  warm-water  streams  by  fishermen  is  limited  by  poor 
access  and  low  summer  flows.  5ite  L-24  is  located  in  the  upper  reach  of  Bull  Run,  which 
contains  good  water  quality  and  aquatic  resources.  Much  of  the  land  is  forested  with 
agricultural-related  activities  predominating  outside  the  forested  areas. 

The  Bull  Run  watershed  is  undeveloped  and  is  principally  forest,  cropland,  and  pasture 
land.  The  impoundment  (L-24J  has  a  high  potential  for  both  prehistoric  and  historic 
resources.  The  sensitive  locales  in  the  Bull  kun  watershed  includes  the  floodplains, 
interfluvial  terraces,  high  terrraces,  points  of  land  on  the  meandering  streams  wnere 


trioutaries  merge,  hollows  at  ridges  and  bluffs  wnere  constrictions  occur  in  the  flood- 
plain,  and  in  marshes  below  bluffs  t  which  may  have  served  as  kill  sites  for  large 
ammaisL  fcxtant  millsites  and  farm  structures  are  the  most  sensitive  historic  resources. 

Miscellaneous  Virginia  Sites 

inis  group  is  composed  of  sites  on  small  streams  which  empty  directly  into  the  Potomac 
River.  It  includes  Site  L-26  on  Piney  Run,  Site  L-27  on  Dutchman  Creek,  and  Sites  L-5 
and  L-6  on  Limestone  Branch.  The  land  bordering  the  streams  is  mostly  forested,  while 
the  land  outside  is  devoted  to  agricultural  uses.  Water  qualilty  data  is  limited  but  due  to 
the  lacK  of  development  within  the  drainage  areas,  water  quality  is  probably  good.  The 
terrestrial  and  aquatic  resources  are  probably  good. 

The  Piney  Run  and  Dutchman  Creek  (Impoundment  Sites  L-26  and  L-27)  lie  on  the 
eastern  and  western  slopes  of  Catoctin  Mountain,  respectively.  These  tributaries  are 
hollows  and  may  contain  prehistoric  sites  and  historic  mill  resources.  These  tributaries 
of  the  Potomac  River  are  undeveloped  and  are  principally  forested.  It  should  be  noted 
that  no  on-site  investigations  were  made  for  this  study.  For  further  investigations, 
however,  the  hollows  should  be  checked  for  quarries,  road  shelters,  and  campsites,  as 
well  as  for  jasper  outcrops  at  the  foot  of  the  Potomac  River  gap.  In  Loudoun  County,  its 
rural  and  scenic  beauty  has  preserved  many  of  its  early  industries,  structures,  and  estates 
which  are  now  regarded  as  dominant  economic  and  significant  historic  resources. 

The  Limestone  and  South  Fork  Limestone  Branches  (Impoundment  Sites  L-5  and  L-6)  lie 
on  the  eastern  slope  of  Catoctin  Mountain.  These  tributaries  are  hollows  and  which  may 
contain  prehistoric  sites  and  historic  mili  resources.  These  tributaries  are  undeveloped, 
and  are  principally  forest  and  cropland.  The  hollows  should  be  checked  for  quarries,  rock 
shelters,  campsites  and/or  jasper  outcrops  if  these  sites  are  considered  further. 

Seneca  creek  Basin  Sites 

The  Seneca  creek  stream  system  is  typical  of  the  Piedmont  streams  in  this  area.  The 
major  branches  are  Great  Seneca  Creek  with  its  headwaters  near  Damascus,  Little 
Seneca  Creek  which  runs  from  north  to  south  through  the  middle  of  the  watershed,  and 
Dry  Seneca  Creek  which  rises  near  Poolesville.  The  upper  tributaries  are  shallow,  rapid¬ 
flowing  streams  with  rocky  bottoms  which  combine  to  form  a  broad,  deep,  turbid  stream 
near  Seneca's  confluence  with  the  Potomac  River.  The  major  land  types  are  forest,  crop¬ 
land,  pasture,  and  old  field.  Typical  bottomland  hardwood  species  include  ash,  willow, 
pin  oak,  red  maple,  and  willow  oak.  The  area  contains  suitable  habitat  for  gray  squirrel, 
rabbit,  chipmunk,  groundhog,  skunk,  opossum,  mink,  otter,  beaver,  wood  duck,  quail,  and 
some  turkey.  There  is  a  noticeable  trend  for  increased  urbanization  in  parts  of  the 
watershed. 

Water  quality  in  the  watershed  is  generally  good.  The  major  problem  appears  to  be  high 
counts  of  coliform  bacteria  which  frequently  exceed  the  State  standards  (200 
MPN/iOOml).  The  source  of  this  problem  appears  to  be  livestock  operations.  The  most 
common  fish  species  include  creek  chub,  bluntnose  minnow,  dace,  white  sucker,  common 
shiner,  mottled  sculpin,  and  fantail  darter.  Smallmouth  bass,  rock  bass,  sunfish  and 
rainoow  trout  also  occur.  Little  Seneca  Creek  and  its  tributaries  are  designated  as 
recreational  trout  streams  and  form  one  of  the  heaviest  stocked  trout  streams  in  the 
State.  However,  there  is  no  significant  trout  reproduction  as  the  summer  temperatures 
generaiiy  exceed  the  tolerance  level  for  a  sustained  population. 
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Impoundment  Site  ivi-3  is  located  in  Tenmile  Creek,  which  is  a  cool-water  tributary  of 
Little  Seneca  Creek.  As  mentioned  above,  this  is  a  recreational  trout  stream. 

Dietemann,  in  a  1974  study  of  Seneca  Creek,  Watts  Branch,  and  Muddy  Branch  for  the 
Maryland  National  Capital  Park  and  Planning  Commission,  reported  an  excellent 
diversity  of  fish  in  Tenmile  CreeK  and  recommended  that  it  should  be  protected  by 
parkland  acquisition. 

Site  M-6  is  located  on  Great  Seneca  Creek.  It  is  typical  of  the  streams  in  this  area,  and 
an  impoundment  would  affect  a  mixture  of  forest,  cropland  and  pasture. 

Site  M-7  is  on  Hookers  Branch,  a  small  stream  which  enters  the  lower  reach  of  Seneca 
Creek.  The  land  surrounding  this  relatively  small  drainage  is  almost  entirely  forested. 
This  is  reflected  in  the  excellent  water  clarity  which' exists  there. 

The  Tenmile  Creek  and  Hookers  Run  tributaries  of  the  Seneca  Creek  watershed  lie  in 
rural,  undeveloped  areas  which  are  principally  forest,  cropland,  and  pastureland.  Hookers 
Run,  is  a  direct  two  miles  upstream  from  Lowes  Island  in  the  Potomac  River  Valley. 
Lowes  Island  has  been  studied  archeoiogically  and  contains  prehistoric  resources  starting 
with  Paleo-Indian  era  through  the  Archaic  era,  and  Woodland  prehistoric  and  historic 
resources,  whereas  the  Seneca  and  Little  Monacacy  Rivers  have  not  been  systematically 
surveyed.  It  should  be  noted  that  no  on-site  investigations  were  made  for  this  study.  For 
further  investigations,  it  is  suggested  that  the  tributaries  of  these  two  watersheds,  the 
hollows,  river  terraces,  and  transecting  historic  road  corridors  should  also  be  checked  for 
prehistoric  and  historic  resources  to  evaluate  their  potential  resources  and  signficance. 

Little  ivionocacy  River  Basin  Sites 

The  Little  Monocacy  River  is  a  tributary  of  the  Potomac  River.  It  runs  through  a  mix¬ 
ture  of  forest,  cropland,  and  pasture.  There  is  some  industry  and  other  development 
along  the  stream,  but  it  has  reasonably  good  water  quality.  Its  fish  populations  are  likely 
to  be  composed  of  species  such  as  dace,  minnows,  darters,  and  suckers.  Site  M-3  is 
located  about  midway  up  the  stream  above  the  town  of  Dickerson.  Site  M-4  is  located 
further  up  toward  the  headwaters. 

The  Little  Monocacy  River  and  tributary  upstream  impoundments  lie  east  of  the 
Monocacy  and  Potomac  River  watersheds  which  contain  numerous  recorded  prehistoric 
and  historic  resources.  Both  watersheds  are  primary  forest,  cropland,  and  pasture,  and 
the  watersheds  contain  a  high  potential  for  both  prehistoric  and  historic  resources.  The 
most  sensitive  areas  are  the  floodplains,  interfluvial  terraces,  terraces  at  the  bends  in 
the  streams,  where  tributaries  meet,  and  hollows.  Where  historic  roads  transect  the 
watersheds,  the  reach  should  be  checked  for  early  historic  resources,  if  the  site  is 
considered  further. 

SITE  PROPOSED  BY  FAIRFAX  COUNTY  WATER  AUTHORITY 

In  a  letter  dated  22  February  i980,  the  Fairfax  County  Water  Authority  proposed  the 
investigation  of  an  impoundment  site  located  on  an  unnamed  tributary  to  the  Potomac 
River  in  Loudoun  County,  Virginia  (see  Figure  F-24).  The  Corps  of  Engineers 
investigated  this  new  site  using  the  same  criteria  used  for  the  Black  and  Veatch  report. 
Table  F-23  presents  the  data  for  this  new  site. 
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I' ABLE  F-23 


PERTINENT  DATA  FOR  SITE  PROPOSED  BY  FCWA 


Influent  Stream 

Unnamed  Tributary  to  the  Potomac  River 

Drainage  Area  (square  mile  si 

1.85 

Top  of  Dam  Elevation  (feet  above  msl) 

410 

Maximum  Pool  Elevation  (feet  above  msl) 

405 

Spillway  Crest  Elevation  (feet  above  msl) 

398 

Net  Storage  (mg) 

3310 

Dead  Storage  (mg) 

583 

Annual  Evaporation  (mg) 

32 

Annual  Gross  Storage  (mg) 

3925 

Dependable  Runoff  (mg) 

85 

Annual  Pumping  Capability  (mg) 

3840 

Yield  (mgd) 

12 

Project  Cost  (^million) 

27.54* 

Cost  per  mgd  (^million) 

2.30* 

♦Based  on  October  1981  Prices. 


MARYLAND 


LOCATION  OF  SITE  PROPOSED  BY  FCWA 


The  FCW A  site  has  similar  characteristics  to  the  sites  described  earlier  as  miscellaneous 
Virginia  sites.  Like  these  sites,  its  influent  stream  empties  directly  into  the  Potomac 
River.  The  land  bordering  the  unnamed  stream  is  mostly  forested  while  the  land  adjacent 
is  devoted  to  agricultural  uses.  Water  quality  data  is  limited,  however,  the  lack  of 
development  within  the  drainage  area  would  probably  be  indicative  of  good  water 
quality.  The  terrestrial  and  aquatic  resources  are  probably  good. 

No  on-site  investigations  were  made.  From  the  data  and  information  available,  it  was 
clear  that  the  stream  valley  is  undeveloped  and  principally  forested.  The  area  should  be 
further  checked  for  quarries,  road  shelters,  campsites,  and  jasper  outcrops,  if  the  site  is 
considered  further  for  development. 

IMPACT  EVALUATION  OF  THE  LOCAL  RESERVOIR  SITES 

The  proposed  21  sites  are  located  within  the  same  general  geographical  area  and  have 
many  characteristics  in  common.  All  of  the  sites  have  reasonably  good  water  quality. 

The  adjacent  lands  usually  consist  of  combinations  of  forest,  pasture,  old  field,  and 
cropland.  No  extensive  wetlands  appear  to  be  associated  with  any  of  the  reservoir 
sites.  No  species  currently  on  the  Department  of  the  Interior's  list  of  endangered  species 
are  inhabiting  the  project  areas  except  for  the  occasional  transient  use  by  such  species  as 
the  bald  eagle.  At  the  level  of  analysis  for  this  assessment  the  similar  nature  of  many  of 
these  streams  made  it  difficult  to  determine  an  order  of  preference.  However,  it  was 
possible  to  categorize  the  impoundment  alternatives  into  three  groups  according  to  the 
levei  of  impact  as  follows: 

High  Impact:  L-i,  L-20,  L-21,  L-23 

Medium  Impact:  L-8,  L-9,  L-li,  L-i 5,  L-24,  M-5,  M-6 

Low  Impact:  FCW  A  site,  L-4,  L-5,  L-6,  L-7,  L-26,  L-27 

M-3,  M-4,  M-7 


The  alternatives  in  the  high  impact  group  are  located  on  designated  State  scenic  rivers  or 
on  streams  which  are  closely  associated  with  them.  The  proposed  dams  in  the  high 
impact  group  are  located  on  the  larger  streams  in  the  area  and  would  create  the  largest 
impoundments.  The  amount  of  loss  of  free-flowing  stream,  riparian  habitat,  and  upland 
habitat,  would  be  greatest  with  these  sites.  As  these  larger  stream  reaches  are 
relatively  uncommon  compared  to  the  number  of  smaller  streams  in  the  medium  and  low 
impact  groups,  their  loss  would  be  all  the  more  damaging. 

The  reservoir  sites  in  the  medium  impact  group  tend  to  be  located  on  intermediate-sized 
stream  reaches.  The  area  which  would  be  inundated  at  maximum  storage  ranges  between 
370  and  1,220  acres.  The  environmental  impact  of  these  alternatives  would  be  substan¬ 
tial,  but  not  as  great  as  those  in  the  high  impact  group. 

The  sites  in  the  low  impact  group  tend  to  be  located  on  small  streams.  Such  streams  are 
relatively  common  in  comparison  to  the  larger  streams  and  rivers.  The  area  inundated 
would  be  relatively  small,  ranging  from  i3S  acres  to  373  acres  (except  for  M-4;.  In  most 
cases,  the  dam  sites  would  be  close  to  the  Potomac  River,  so  adverse  effects  on 
downstream  reaches  would  be  minimized. 

This  analysis  did  not  take  into  account  the  benefits  derived  from  impoundment 
construction.  For  example,  while  the  larger  impoundments  in  the  high  impact  group 
would  cause  greater  losses  than  the  smaller  impoundments,  they  couid  supply  as  much 
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water  as  several  of  the  smaller  ones.  Although  fluvial  and  upland  habitat  would  be  lost, 
slack  water  aquatic  habitat  would  be  created.  The  quality  of  the  fisherv  which  would 
develop  in  the  impoundments  would  vary  depending  on  the  amount  and  quality  of  inflow, 
surrounding  land  use,  physical  characteristics,  reservoir  operating  procedures,  etc.  In 
some  cases  opportunities  may  exist  to  improve  downstream  fishery  resources  by 
regulating  releases. 

In  addition  to  the  aquatic  and  terrestrial  ecosystem  changes  and  socio-economic  impacts 
common  to  reservoir  construction,  there  would  be  significant  impacts  caused  by  the 
operation  of  this  project.  In  particular,  at  those  times  when  appreciable  withdrawals 
would  be  required  by  the  MW  A,  massive  drawdowns  would  occur  which  would  result  in 
severe  adverse  impacts  local  to  the  reservoir.  A  rapid  reduction  in  water  volume  and 
subsequent  changes  in  water  quality  could  also  result  in  large  fish  kills  within  the 
impoundment.  Because  of  these  impacts  and  the  general  visual  impact  of  an  empty 
reservoir,  the  aesthetic  character  of  the  impoundment  would  be  severely  degraded  during 
the  withdrawal  period.  However,  there  is  the  potential  for  recreation  development  and 
use  for  these  projects  when  they  are  not  being  used  for  water  supply  purposes. 

Recreation  would  have  to  be  restricted  during  those  times  when  the  reservoirs  would  be 
drawn  down  or  refilled. 

Operation  of  the  reservoir  during  non-drought  periods  would  be  based  on  keeping  the 
reservoir  full.  This  would  require  intermittent  operation  of  the  pumping  station  for  short 
periods  of  time.  Minimum  releases  based  on  historical  flows  would  be  guaranteed. 

Impacts  resulting  from  releases  of  raw  water  from  the  Potomac  River  into  the  various 
reservoirs  would  be  in  the  form  of  water  quality  changes  stemming  from  chemical  and 
physical  differences  between  the  various  bodies  of  water.  The  basic  premise  upon  which 
impacts  were  assessed  implies  that  the  Potomac  is  generally  of  a  lower  water  quality 
than  any  of  the  receiving  water  bodies  in  the  water  supply  system. 

In  assessing  the  impact  of  altered  water  quality  on  the  fishery  of  a  given  body  of  water, 
certain  parameters  were  known  to  be  more  significant  than  others.  One  of  these  was 
Total  Dissolved  Solids  (TDS).  Based  on  monthly  test  data  averages,  the  Potomac  Rive- 
possesses  a  TDS  level  three  to  five  times  higher  than  any  of  the  other  water  supply 
streams  and  reservoirs  in  the  MWA  project  area.  Other  test  data  such  as  pH,  nutrient 
loads,  and  turbidity,  also  indicate,  by  comparison,  a  poorer  water  quality  condition  in  the 
Potomac.  The  kind  of  comparison,  however,  is  misleading  as  a  fast -flowing  stream  by 
nature,  has  quite  different  chemical  and  physical  characteristics  than  does  a  large 
reservoir.  However,  one  could  expect  that  the  potential  for  reservoir  eutrophication 
would  increase  with  the  release  of  water  from  the  Potomac  River  into  the  local  reser¬ 
voirs.  The  exact  interrelationship  of  the  mixing  of  water  from  various  sources  within  the 
MV/ A  can  only  be  determined  by  an  in-depth  analysis  of  existing  water  quality  data  as 
well  as  predictions  of  future  water  conditions  based  on  trends  experienced  in  past  years. 

In  addition  to  the  environmental  reservations,  the  selection  of  a  local  reservoir  for  water 
supply  has  economic  ana  other  considerations.  Loudoun  County,  Virginia,  where  most  of 
these  reservoirs  would  be  located,  has  a  history  of  opposing  the  construction  of  reser¬ 
voirs.  These  reservoirs,  even  small  ones,  tend  to  attract  new  growth,  and  Loudoun 
County  generally  does  not  favor  more  than  normal  growth  in  the  western  part  of  the 
county.  Further,  as  mentioned  before,  because  of  the  substantial  pumping  needed  for 
filling  these  reservoirs,  their  costs  per  mgd  are  high. 


ANALYSIS  OF  THE  LOCAL  RESERVOIR  SITES 


The  23  potential  local  reservoir  projects  (the  20  Black  and  Veatch  sites,  Cedar  Run 
Reservoir,  raising  Occoquan  Reservoir  and  the  FCWA  site),  formed  an  array  of  alterna¬ 
tives  with  a  wide  range  of  both  economic  and  environmental  impacts.  Obviously,  a 
tradeoff  between  yield,  environmental  impacts,  and  cost  would  be  considered  in  the  final 
selection  of  one  or  more  of  these  projects  for  construction.  However,  recognizing  that 
this  tradeoff  would  depend  heavily  on  the  anticipated  need  and  that  this  need  could  vary 
significantly  in  the  future,  a  preliminary  selection  process  was  undertaken  to  narrow  the 
list  of  reservoir  alternatives  without  reducing  the  range  of  the  tradeoffs  significantly. 

In  the  selection  process,  several  factors  were  examined.  First,  the  array  of  alternatives 
were  grouped  by  their  respective  environmental  impacts  (Low,  Medium,  and  High;.  Then, 
within  these  groupings,  one  or  more  projects  were  selected  for  further  consideration, 
based  on  their  yield,  cost  per  mgd,  available  water  supply  storage,  and  any  institutional 
or  environmental  concerns.  These  projects  then  constituted  the  alternatives  considered 
in  the  overall  MWA  Water  Supply  Study  plan  formulation  discussed  in  Appendix  B,  Plan 
Formulation,  Assessment,  and  Evaluation. 

In  the  group  with  relatively  low  environmental  impacts,  the  raising  of  the  Occoquan 
Reservoir  spillway  had  the  lowest  cost  per  mgd  ($0.16  million  per  mgd)  as  well  as  the 
second  highest  yield  within  the  group.  In  addition,  the  Occoquan  raising  would  have 
minimal  environmental  impacts  since  it  does  not  involve  construction  of  a  new 
reservoir.  Also,  the  existing  recreation  facilities  and  the  spillway  structure  were 
designed  to  accommodate  future  higher  pools,  so  extensive  structural  modifications 
would  not  be  required.  Therefore,  this  project  was  selected  for  additional  analysis,  even 
though  there  could  be  some  significant  social  and  institutional  effects  associated  with 
the  acquisition  of  additional  land  for  flooding  easements. 

Of  the  remaining  projects  in  the  first  impact  category,  Site  M-4  and  the  FCWA  site  were 
also  identified  for  further  plan  formulation.  These  two  sites  had  low  cost  per  yield 
values  and  high  water  supply  yields  for  the  group  (32  and  12  mgd,  respectively). 
Additionally,  the  FCWA  site  was  recommended  by  the  existing  water  utility  for  consid¬ 
eration  in  the  MWA  Water  Supply  Study.  Sites  M-3,  L-26,  L-27,  and  L-6  exhibited  very 
similar  characteristics  to  the  FCWA  site;  however,  they  had  slightly  lower  yields  and 
somewhat  higher  cost  per  yield  values.  Since  only  one  project  of  this  size  was  needed  for 
further  evaluation,  only  the  FCWA  site  was  carried  into  the  final  MWA  plan  formula¬ 
tion.  In  future  water  supply  planning  efforts  (outside  of  this  study),  all  of  these  projects 
would  deserve  consideration  as  reservoir  sites.  The  remaining  sites  in  this  group,  L-5,  L- 
4,  L-7,  and  M-7,  were  eliminated  due  to  their  exceedingly  high  cost  per  yield  values 
^greater  than  $5  million  per  mgd),  and  are  generally  unfavorable  sites  for  MWA  water 
supply  development. 

fhe  medium  impact  group  consisted  of  eight  sites  of  which  the  proposed  Cedar  Run 
Reservoir  was  the  least  expensive.  Although  some  institutional  problems  would  have  to 
be  overcome  prior  to  its  construction,  these  were  not  considered  unresoivable,  and 
therefore,  this  project  was  retained  for  further  analysis.  The  next  lowest  cost  per  yield 
site,  bite  M-5,  was  not  included  in  the  selected  sites  because  its  proposed  impoundment  is 
in  the  area  to  be  inundated  by  the  future  Little  5eneca  Lake,  bites  L-6  and  L-9  located 
on  Coose  Creek  tributaries,  followed  Site  M-6  in  cost  per  yield,  with  values  of  $3.03 
million  and  $3.40  million  per  mgd,  respectively.  These  two  sites  also  provide  an  adequate 
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amount  of  storage,  particularly  in  comparison  to  the  other  sites  in  the  medium  impact 
group.  Consequently,  these  two  sites  were  designated  for  further  evaluation.  The 
remaining  sites  in  this  category,  Sites  M-6,  L-ii,  L-15,  and  L-24  had  no  distinct 
advantages  to  offer  over  the  previous  selections,  and  were  consequently  dropped  from 
consideration. 

The  last  impact  group,  designated  as  "High  Impact,"  included  the  reservoir  site  on 
Catoctin  Creek  (L-i)  and  three  sites  in  the  Goose  Creek  basin  (L-20,  L-21,  and  L-25). 
Since  Catoctin  Creek  and  Goose  Creek  have  been  designated  as  State  Scenic  Rivers  in 
the  areas  where  Sites  L-i,  L-21,  and  L-25  are  located,  these  projects  would  be  highly 
undesirable  from  an  environmental  viewpoint,  and  extremely  difficult  to  finalize  due  to 
legal  and  social  constraints.  Therefore,  they  were  not  considered  as  alternatives  for  the 
final  formulation  exercise.  The  remaining  site  in  this  group,  L-20,  had  a  yield  of  125  mga 
which  was  more  then  three  times  the  greatest  yield  of  the  six  sites  selected  up  to  this 
point.  So,  in  order  to  provide  a  substantial-sized  reservoir  site  in  the  MWA  formulation 
exercise,  Site  L-20  was  included  in  the  final  selected  group  of  reservoir  sites.  This  site 
also  demonstrated  the  significant  tradeoff  between  high  yield  and  considerable 
environmental  impacts. 


Table  F-24  provides  a  summary  of  the  local  reservoir  selection  process  undertaken  for 
this  study.  The  list  of  selected  sites  includes  raising  the  Occoquan,  the  proposed  Cedar 
Run  Reservoir,  the  FCWA  site,  and  Sites  M-4,  L-8,  L-9,  and  L-20  from  the  Black  and 
Veatch  report.  None  of  these  projects  is  necessarily  recommended  on  its  own.  The 
environmental  and  social  effects  of  projects  at  these  sites  would  have  to  be  investigated 
in  greater  detail  prior  to  individual  selection.  The  tradeoff  between  these  impacts  and 
the  understood  supply  needs  would  be  an  important  consideration. 

UPSTREAM  RESERVOIRS 


This  section  presents  a  reevaluation  of  the  upstream  reservoirs  investigated  and  studied 
in  previous  surveys  and  reports.  Reservoirs  have  been  extensively  studied  throughout  the 
Potomac  River  Basin  over  the  years  and  many  have  been  designed  with  a  w*ter  su^i!y 
purpose.  Numerous  sites  have  been  identified,  but  in  a  large  number  mi  instances,  years 
have  elapsed  since  field  surveys  were  undertaken.  Because  of  the  inherent  utility  of 
reservoirs  to  provide  a  means  to  augment  the  Potomac  River  during  periods  of  low  flows, 
a  reevaluation  of  these  potential  Potomac  River  reservoir  sites  was  required  to  deter¬ 
mine  their  viability  in  terms  of  current  social,  economic,  and  environmental  conditions. 

RESERVOIRS  INVESTIGATED  IN  THE  CORP5'  1963  REPORT 


Prepared  in  response  to  a  1956  Congressional  Resolution,  the  1963  Potomac  River  Basin 
Report  was  the  first  major  attempt  to  assess  the  basin's  potential  to  alleviate  water 
supply  shortages  in  the  M\VA,  and  other  communities  in  the  oasin.  The  report 
recommended  the  treatment  of  wastes  entering  the  basin's  streams,  as  well  as  the 
construction  of  41a  headwater  reservoirs  and  16  major  upstream  reservoirs.  The 
upstream  reservoir  list  included  the  Bloomington  Lake  Project  which  has  recently  Uuly 
j.9«Sl;  been  operationally  completed.  During  a  later  review  process,  two  new  sites, 
Sideling  Hill  and  Little  Cacapon,  were  added  to  the  list.  Figure  F-25  shows  the  location 
of  these  la  projects.  Further  details  of  the  history  of  these  projects  are  given  in 
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SELECTION  PROCESS  FOR  THE  MWA  LOCAL  RESERVOIRS 


Recently,  the  State  of  Maryland  indicated  interest  in  some  of  these  upstream  sites  and 
requested  reevaluation  and  review  of  four  of  the  18  sites.  These  sites  include:  Town 
Creek  Project,  Licking  Creek  Project,  Sideling  Hill  Creek  Project,  and  Tonoloway  Creek 
Project. 

The  Verona  and  Sixes  Bridge  Projects  were  reformulated  and  results  of  the  reformulation 
study  were  summarized  in  a  May  1973  document  titled,  Potomac  River  Basin  Water 
Supply  -  An  Interim  Report.  Further,  these  projects  were  authorized  for  Phase  I 
Advanced  Engineering  and  Design  (AEicD)  Study  by  Section  85(a)  of  the  Water  Resources 
Development  Act  (Public  Law  93-251)  of  1974. 

The  Phase  I  AE&D  Study  for  the  Verona  Project  was  initiated  in  August  1975  but  was 
terminated  in  September  1977  when  the  non-Federal  sponsors  including  the 
Commonwealth  of  Virginia  withdrew  their  support  for  the  project.  A  summary  report 
recommending  no  further  action  was  completed  in  December  1977. 

The  authorization  of  a  Phase  I  AE&D  Study  for  the  Sixes  Bridge  Project  was  conditional, 
subject  to  the  completion  of  the  MWA  Water  Supply  Study  and  subsequent  NAS-NAE 
review  of  both  the  MWA  Water  Supply  Study  Report  and  the  results  of  the  Potomac 
Estuary  Experimental  Water  Treatment  Plant  Testing  Program  (the  Experimental  Estuary 
Testing  Program  is  described  in  detail  in  an  earlier  section  of  this  appendix).  No  funds 
were  appropriated  for  Phase  I  AE&D  work  on  the  Sixes  Bridges  Project  nor  was  the 
project  supported  by  non-Federal  interests.  Subsequently,  the  Sixes  Bridge  Project  was 
deauthorized  by  the  Congress  in  Section  3(h)  of  Public  Law  97-128,  29  December  1981. 

Pertinent  updated  information  on  these  Potomac  River  Basin  reservoir  projects  are 
presented  in  Table  F-25.  A  discussion  of  the  characteristics  and  water  supply  potential 
of  each  of  these  projects  follows. 

The  purpose  of  presenting  these  costs  (Table  F-25)  is  to  show  the  relative  costs  per  mgd 
of  each  project  to  increase  the  Potomac  River  flow.  These  costs  are  based  on  the 
project  design  and  cost  estimates  developed  for  the  1963  report  updated  to  October  1981, 
except  for  the  Verona  and  Sixes  Bridge  Projects  whose  designs  are  discussed  below. 
Analysis  of  the  existing  project  site  conditions  indicated  that  there  had  been  no  signifi¬ 
cant  changes  since  1963;  therefore,  the  original  project  design  and  cost  estimates  were 
considered  valid.  Also,  the  tabulated  Bloomington  Lake  Project  costs  are  the  estimated 
final  construction  costs.  In  updating  the  project  costs  the  ENR  Record  Construction 
Cost  Index  for  October  1981  was  used. 

A  reformulation. of  the  Sixes  Bridge  and  Verona  Projects  in  1972  and  subsequent  Phase  I 
AE&D  work  for  the  Verona  Project  resulted  in  project  storage  reallocation.  For  the 
Verona  Project,  the  104,000  acre-feet  of  low  flow  augmentation  (LFA)  storage  was 
divided  into  56,000  acre-feet  for  water  supply  and  48,000  acre-feet  for  recreation.  This 
reallocated  storage  increased  the  project  yield  to  110  mgd.  The  65,000  acre-feet  LFA 
storage  for  Sixes  Bridge  Project  was  divided  into  39,000  acre-feet  for  water  supply  and 
24,000  acre-feet  for  recreation.  The  remaining  2,000  acre-feet  was  added  to  the 
sediment  storage  to  make  a  total  of  6,000  acre-feet  for  sediment  storage.  The 
reformulated  Sixes  Bridge  Project  increased  the  estimated  dependable  flow  to  85  mgd. 
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FIGURE  F-25 

LOCATION  OF  THE  POTOMAC  RIVER  BASIN 
RESERVOIR  SITES  STLDIED  IN  THE 
1963  REPORT 


POTOMAC  RIVER  BASIN  SITES 
SUMMARY  OF  COSTS  AND  PERTINENT  DATA 


The  project  descriptions  and  environmental  assessment  information  which  are  presented 
in  the  next  sections  are  based  on  the  data  presented  in  the  1963  Potomac  River  Basin 
Report.  This  report  included  a  study  of  the  fish  and  wildlife  resources  found  in  the 
proposed  project  areas,  which  was  conducted  in  1962.  In  an  attempt  to  evaluate  the 
proposed  reservoir  sites,  a  survey  of  existing  resource  values  was  undertaken.  This 
involved  analyzing  the  1962  information  to  see  what  data  were  still  valid  and  what 
needed  updating.  The  results  of  this  survey  and  reevaluation  of  the  data  presented  in 

1962  report  indicated  that  the  types  of  terrestrial  habitats,  aquatic  ecosystems,  and 
water  quality  at  most  of  the  proposed  sites  had  not  been  significantly  affected  since  the 

1963  Potomac  Report  was  completed.  Therefore,  assessment  of  environmental  impacts 
considered  in  the  formulation  of  the  projects  for  the  1963  report  and  the  conclusions 
drawn  from  that  assessment  are  still  substantially  valid  and  applicable. 

Bloomington  Lake  Project 

The  recently  completed  Bloomington  Lake  Project  was  authorized  under  the  Flood 
Control  Act  of  1962  for  the  purposes  of  water  supply,  water  quality  control,  flood 
control,  and  recreation.  The  project  is  located  on  the  North  Branch  Potomac  River,  7.9 
miles  upstream  of  its  confluence  with  the  Savage  River  near  Bloomington,  Maryland. 

The  project  construction  was  initiated  in  1971,  and  the  project  was  operationally 
completed  in  July  1961. 

The  project  controls  about  263  square  miles  of  drainage  area  and  provides  for  the 
following  storage  allocation:  2,700  acre-feet  for  sediment,  92,000  acre-feet  for  low  flow 
augmentation  (LFA)  and  recreation,  36,200  acre-feet  for  flood  control,  10,800  acre-feet 
for  design  surcharge,  and  6,500  acre-feet  to  the  top  of  the  dam  for  a  total  storage  of 
148,200  acre-feet.  It  is  estimated  that  the  LFA  storage  has  a  safe  yield  of  135  million 
gallons  per  day  (mgd).  Under  the  authority  of  the  MW  A  Water  Supply  Study,  this  project 
was  investigated  further  for  its  water  supply  potential.  More  detailed  information 
regarding  this  effort  is  contained  in  Appendix  H,  Bloomington  Lake  Reformulation  Study. 

The  Bloomington  Lake  watershed  is  within  the  Allegheny  Plateau  physiographic  province 
which  is  a  high,  deeply  dissected  plateau.  The  area  is  characterized  by  the  presence  of 
steep,  forested  slopes.  The  project  inundates  approximately  4.4  miles  of  free-flowing 
river  and  952  acres  in  the  adjacent  valley.  However,  since  acid  mine  drainage  has 
degraded  most  of  the  river,  there  is  no  fishery,  and  thus,  impacts  are  minimal. 
Additionally,  in  its  natural  state,  the  valley  offered  little  or  no  recreation  potential. 

With  the  construction  of  the  lane,  camping,  boating,  picnicking,  and  hiking  facilities  have 
been  provided.  The  main  impact  of  Bloomington  Lake  will  be  its  positive  impact  on  the 
downstream  reach.  Even  though  the  acid  loading  to  the  North  Branch  is  not  expected  to 
significantly  change,  the  presence  of  Bloomington  Dam  in  conjunction  with  the  Savage 
River  Reservior  is  expected  to  produce  some  instream  water  quality  improvements 
between  Luke,  Maryland,  and  Oldtown,  Maryland. 

Royal  Glen  Project 

This  reservoir  site  is  located  on  the  South  Branch  of  the  Potomac  River,  just  downstream 
of  the  junction  of  the  North  Fork  and  the  South  Branch,  3.6  miles  due  west  of  Petersburg 
in  Grant  County,  West  Virignia.  The  project  would  have  a  total  storage  capacity  of 
338,000  acre-feet  including  228,000  acre-feet  for  LFA,  2,000  acre-feet  for  sediment, 
90,000  acre-feet  for  flood  control,  and  18,000  acre-feet  for  surcharge  storage.  The 
228,000  acre-feet  of  LFA  storage  is  estimated  to  have  a  safe  yield  of  312  mgd. 
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The  dam  would  form  a  large  body  of  water  with  long  arms  extending  up  the  South  Branch 
and  the  North  Fork.  The  South  Branch  extension  would  be  a  meandering  arm  into  the  so- 
called  Smoke  Hole  area,  a  picturesque  natural  valley,  rich  in  scenery,  and  containing  a 
few  small  farmsteads  in  the  more  level  bends  of  the  river.  The  mountains  are  covered 
with  extensive  forests,  pierced  occasionally  by  open  pastures.  Among  the  mountains  are 
narrow  valleys  with  fast-flowing  streams.  High  cliffs  and  tall  spires  of  erosion-resistant 
rock  tower  above  adjacent  slopes.  The  shorelands  surrounding  this  site  are  steep  with 
continuous  slopes  from  the  proposed  pooi  to  elevations  above  3,000  feet. 

The  surrounding  area  is  heavily  wooded.  Most  of  the  forest  land  has  been  severely  cut 
over  in  the  past,  but  some  tracts  of  good  woodland,  especially  in  the  lower  Smoke  Hole, 
stiii  remain.  Both  the  North  Fork  and  South  Fork  are  free-flowing  streams  with  good 
water  quality  and  high  potential  for  recreation  use.  The  South  Branch  which  runs  through 
the  Smoke  Hole  is  a  widely  known  canoe  stream  and  is  one  of  the  outstanding  natural 
resources  of  the  Potomac  River  Basin.  Together  with  the  Mononogahela  National  Forest, 
within  whose  boundaries  the  reservoir  would  lie,  a  considerable  recreation  development 
in  the  surrounding  area  could  be  expected. 

Chambersburg  Project 

This  project  would  provide  water  for  the  immediate  and  projected  future  needs  of 
Chambersburg,  Pennsylvania,  and  downstream  communities  along  Conococheague  Creek, 
as  well  as  enhance  the  recreation  potential  of  the  area  and  provide  additional  water  for 
the  MWA.  The  reservoir  site  is  located  on  Conococheague  Creek  in  Hamilton  Township, 
Franklin  County,  Pennsylvania,  with  the  dam  site  about  two  miles  due  west  of  Marion, 
Pennsylvania.  The  project  would  provide  a  total  storage  capacity  of  42,800  acre-feet 
including  28,000  acre-feet  for  LFA,  1,000  acre-feet  for  sediment,  and  13,800  acre-feet 
for  surcharge.  The  project's  safe  yield  is  estimated  as  40  mgd. 

The  topography  of  this  site  is  generally  roiling,  though  some  steep  inclines  do  exist  along 
the  shores  of  the  proposed  reservoir.  The  majority  of  the  land  within  the  Chambersburg 
reservoir  area  is  in  dairy  and  livestock  agriculture.  Tree  cover  is  generally  limited  to  the 
stream  banks  and  to  the  steeper  slopes. 

The  water  at  this  site  is  subject  to  contamination  by  municipal  sewage,  industrial  wastes, 
and  agriculture  runoff.  Restrictions  on  recreation  use  of  the  reservoir  for  the  protection 
of  health  might  be  necessary.  High  rates  of  algal  growth  are  possible  unless  inflowing 
wastes  are  diverted  around  the  reservoir.  The  use  of  the  reservoir  area  for  recreation 
would  be  quite  limited.  The  recreation  development  planned  for  this  site  included  two 
camping  sites,  and  a  day  use  area  (ball  fields,  boat  launch,  etc.;.  The  reservoir  would 
displace  about  75  families  living  on  farms  and  in  rural  residences. 


Verona  Project 

This  project  wouio  be  located  on  Middle  River,  South  Fork  Shenandoah  River,  in  Augusta 
County,  Virginia,  about  4.6  miles  due  east  of  Verona  and  about  nine  miles  east-northeast 
of  Staunton,  Virginia.  The  project  as  proposed  in  the  1963  report  would  provide  a  total 
storage  of  143,000  acre-feet  including  56,000  acre-feet  for  water  supply,  48,000  acre- 
feet  for  recreation,  35,500  acre-feet  for  surcharge,  and  3,500  acre-feet  for  sediment. 
The  project  has  an  estimated  safe  yield  of  110  mgd. 


The  topography  of  the  Middle  River  reservoir  site  is  generally  rolling  with  some  dominant 
topographic  protrusions  above  the  general  level  of  the  Shenandoah  Valley.  Slope 
conditions  within  the  reservoir  site  vary  from  the  vertical  precipices  to  virtually  flat- 
bottom  lands.  The  steeper  slopes  are  tree-covered,  and  the  flatter  slopes  are  used  for 
agricultural  purposes.  Most  of  the  land  area  affected  by  the  reservoir  is  in  agricultural 
use.  Its  loss  might  be  a  significant  impact  to  the  local  economy.  Forests  are  primarily 
hardwoods,  although  there  are  some  extensive  stands  of  Virginia  pine  on  those  slopes  with 
very  thin  soils. 

The  existing  recreation  use  of  the  general  area  is  limited.  The  development  planned  for 
the  reservoir  to  provide  full  public  use  of  the  area  would  consist  of  several  camping 
areas,  day -use  areas,  swimming  and  boating.  Most  of  these  facilities  would  be  located  on 
the  north  shore  of  the  reservoir. 

Sixes  Bridge  Project 

The  project  would  provide  additional  water  for  the  MWA  in  addition  to  meeting  local 
water  supply  needs  in  the  Frederick,  Maryland  area.  The  project  would  be  located  on  the 
Monocacy  River,  two  miles  due  west  of  Keysville,  Maryland.  It  would  have  a  full 
conservation  pool  at  elevation  375  feet  above  mean  sea  level  which  would  extend  into 
Adams  County,  Pennsylvania.  The  total  project  storage  capacity  would  be  103,000  acre- 
feet  which  includes  39,000  acre-feet  for  water  supply,  24,000  acre-feet  for  recreation, 
34,000  acre-feet  for  surcharge,  and  6,000  acre-feet  for  sediment.  With  65,000  acre-feet 
of  LFA  storage,  the  project  has  a  safe  yield  of  approximately  85  mgd. 

The  watershed  is  a  gently  rolling  plain  with  steep  slopes  to  the  west  on  Catoctin 
Mountain. .  The  reservoir  is  located  within  one  of  the  most  productive  agricultural  areas 
of  the  Potomac  Basin.  Forest  cover  is  extremely  sparse  on  the  site  and  is  limited  to 
small  patches  along  the  stream  valleys  and  on  some  of  the  steeper  slopes.  Mixed 
hardwoods  predominate  the  few  forested  areas  although  there  is  some  Virginia  pine 
regenerating  on  the  thinner  soils.  The  soils  are  fertile,  though  subject  to  severe 
erosion.  The  possibility  of  high  turbidity  in  a  potential  reservoir  is  indicated. 

Streams  through  this  site  are  contaminated  by  sewage.  This  would  seriously  affect  water 
quality  in  the  reservoir.  Deep  water  near  the  dam  might  be  better  than  elsewhere  in  the 
reservoir.  Weed  and  algal  growth  might  be  a  problem  in  the  extensive  shallow  areas. 

The  recreational  development  planned  for  this  site  included  three  camping  areas,  two 
day-use  areas,  and  water -oriented  activities. 

West  Branch  Project 

The  West  Branch  project  would  satisfy  the  water  quality  control  and  municipal  and 
industrial  water  supply  needs  of  the  West  Branch,  contribute  to  water  quality  control  in 
lower  Conococheague  Creek,  enhance  the  recreational  opportunities  of  the  area,  and 
furnish  additional  water  for  the  MWA.  The  project  site  is  located  in  Franklin  County, 
Metal  Township,  Pennsylvania,  about  11  miles  due  north  of  Mercersburg,  Pennsylvania. 
The  Town  of  Metal,  Pennsylvania,  lies  within  the  proposed  reservoir  area.  The  total 
storage  capacity  of  the  project  is  estimated  to  be  77,500  acre-feet  which  includes  45,000 
acre-feet  for  LFA,  31,500  acre-feet  for  surcharge,  and  1,000  acre-feet  for  sediment. 

The  project's  safe  yield  is  estimated  as  42  mgd. 
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The  West  Branch  is  a  clear,  unpolluted  trout  stream.  Reservoir  water  quality  should  be 
excellent  as  there  are  no  significant  upstream  population  centers  or  other  sources  of 
pollution.  The  stream  flows  through  an  attractive  pastoral  valley  with  backdrops  of 
1,900-foot  high  mountains  on  both  sides.  The  west  shoreline  is  extensively  farmed  and  is 
essentially  unforested,  whereas  the  east  shore  is  steeper,  forested  terrain.  The  topogra¬ 
phy  is  varied  and  should  lend  itself  well  to  recreation  use.  The  proposed  reservoir  would 
be  a  long,  narrow  impoundment  with  no  major  embayments.  The  reservoir  area  would 
cover  the  community  of  Metal,  Pennsylvania,  and  thus  the  project  would  require  reloca¬ 
tion  of  the  town. 


Brocks  Gap  Project 


fhe  drocks  Gap  project  would  provide  for  the  immediate  and  projected  water  needs  of 
the  communities  along  the  North  Fork  of  the  Shenandoah  River  and  the  MW  A.  The  dam 
site  would  be  located  at  Brocks  Gap  where  the  North  Fork  of  the  Shenandoah  River  has 
cut  through  Little  North  Mountain.  Brocks  Gap  is  in  Rockingham  County,  Virginia. 
Nearly  all  of  the  reservoir  area  would  lie  within  the  Proclamation  Boundary  of  the 
George  Washington  National  Forest.  The  total  storage  capacity  of  the  project  would  be 
137,000  acre-feet  with  120,800  acre-feet  for  LFA,  65,000  acre-feet  for  surcharge,  and 
the  remaining  1,200  acre-feet  for  sediments.  The  project  is  capable  of  adding  95  mgd  to 
low  flow. 


The  North  Fork  flowing  through  this  valley  is  a  clean,  unpolluted  stream  draining  the 
densely  forested  mountains.  Bottom  lands  are  predominantly  cleared  for  agriculture, 
while  the  steeper  hillsides  are  covered  with  mixed  hardwoods  and  associated  conifers 
including  some  almost  pure  stands  of  white  and  Virginia  pine.  Water  at  this  site  is  of 
excellent  quality  and  sources  of  pollution  do  not  now  exist  upstream  from  the  site.  The 
social  impact  of  this  project  would  be  severe.  A  farm  community  of  about  120  families 
would  have  to  be  relocated.  This  would  require  the  relocation  of  approximately  68 
farms,  49  residences,  2  churches,  and  1  school. 


Winchester  Project 


The  Winchester  project  would  be  located  on  Opequon  Creek  about  600  yards  upstream  of 
Virginia  State  Highway  7 6i  and  six  miles  northeast  of  Winchester  in  Frederick  and  Clarke 
Counties,  Virginia.  The  project  would  meet  the  projected  water  needs  of  Winchester, 
Virginia,  and  would  provide  additional  flow  for  the  MW  A.  The  total  storage  capacity  of 
the  project  would  be  77,000  acre-feet  with  28,300  acre-feet  for  LFA,  47,700  acre-feet 
for  surcharge,  and  i,000  acre-feet  for  sediment.  The  project  has  a  safe  yield  of  30  mgd. 


The  area  is  rolling  to  hilly,  the  eastern  shore  being  relatively  fiat  compared  to  the  more 
hilly  western  side.  The  reservoir  created  by  the  dam  would  be  a  twisting  body  of  water, 
with  one  major  embayment  up  Lick  Run,  and  would  possess  a  somewhat  ragged  shore¬ 
line.  Although  the  general  topography  surrounding  the  reservoir  site  is  not  too  severe, 
the  shorelines  of  the  proposed  impoundment  would  be  quite  steep.  Forest  cover  is 
somewhat  sparse,  and  is  principally  confined  to  the  bottom  lands,  stream  banks,  and 
steep  slopes.  However,  sufficient  lands  with  forest  cover  could  be  located  on  which  to 
construct  initial  recreation  developments. 


This  project  would  be  located  on  the  Potomac  River  at  Blockhouse  Point,  1.6  miles 
downriver  from  the  mouth  of  Seneca  Creek  and  would  enhance  the  recreational  facilities 
of  the  area.  It  would  provide  water  for  the  projected  water  supply  needs  in  the  MW  A,  as 
well  as  flood  protection  for  Washington,  D.C. 

The  total  storage  capacity  of  1,193,000  acre-feet  provided  by  the  project  would  be 
allocated  as  follows:  460,000  acre-feet  for  LFA,  460,000  acre-feet  for  fiood  control, 
163,000  acre-feet  for  surcharge,  and  90,000  acre-feet  for  sediment.  The  project  has  a 
maximum  safe  yieid  of  approximately  900  mgd. 

The  Seneca  Project  is  a  large  mainstem  project.  It  would  have  major  adverse  environ¬ 
mental  and  social  impacts  on  Washington  U.C.  and  its  surrounding  area. 

Licking  Creek  Project 

This  project  would  be  located  on  Licking  Creek  at  the  Pennsylvania-Miiyland  state  line, 
about  19  miles  west-northwest  of  Hagerstown,  Maryland.  The  project  would  supplement 
the  available  streamflow  in  the  Potomac  River  at  Washington,  D.C.,  and  enhance 
recreational  opportunities  for  the  Hagerstown,  Maryland  area.  The  project  would  provide 
a  total  storage  capacity  of  120,500  acre-feet  which  would  include  82,100  acre-feet  for 
LFA,  38,000  acre-feet  for  surcharge,  and  400  acre-feet  for  sediment.  The  project  has  a 
safe  yieid  of  about  89  mgd. 

The  topography  of  the  site  is  mountainous,  particularly  its  eastern  shore.  Some  scattered 
slopes  are  suitable  for  recreation  developments.  The  stream  bottoms  are  relatively  flat, 
possess  good  soil  characteristics,  and  are  used  extensively  for  farming.  A  mixed  pine  and 
hardwood  forest  covers  the  slopes  surrounding  the  site.  Much  of  the  moderately  steep 
land  has  been  cleared  for  grazing.  The  streams  flowing  through  this  site  are  clear  and 
apparently  uncontaminated.  No  significant  population  centers  or  potential  sources  of 
pollution  exist  upstream  of  this  site. 

Mount  Storm  Project 

The  Mount  Storm  project  would  be  located  on  the  Stony  River,  a  tributary  of  the  North 
Branch  Potomac  River,  about  0.4  miles  downstream  from  the  U.S.  Route  50  highway 
bridge,  in  Grant  County,  West  Virginia.  This  project  would  provide  water  to  meet  the 
projected  needs  of  the  North  Branch  area,  provide  flood  protection  to  the  North  Branch 
Valley,  and  furnish  additional  water  for  the  MWA.  The  project  would  provide  a  total 
storage  capacity  of  43,500  acre-feet  which  would  include  27,000  acre-feet  for  LFA, 
ii,50Q  acre-feet  for  surcharge,  4,500  acre-feet  for  flood  control,  and  500  acre-feet  for 
sediment.  The  project's  safe  yield  is  estimated  as  32  mgd. 

The  Stony  River  watershed  flows  in  a  northerly  direction  through  Mineral  County,  West 
Virginia,  where  it  enters  the  North  Branch  of  the  Potomac  River  at  the  Mineral  County- 
Grant  County,  West  Virginia  boundary.  The  adjacent  lands  consist  primarily  of  forested 
areas  with  scattered  intrusions  of  farmland. 


The  flora  of  the  Mount  Storm  area  is  typical  of  the  Mid-Appalachian  region.  In  the  low- 
lying  valleys,  beech,  red  maple,  and  yellow  poplar  predominate.  Above  this,  at  elevations 
of  greater  than  2,700  feet,  the  oak/chestnut  forest  is  dominant.  Due  to  the  heavy  mining 


operations  conducted  in  the  area,  negative  impacts  have  occurred  to  the  terrestrial 
ecosystem.  Removal  of  trees  and  shrubs  has  resulted  in  the  loss  of  wildlife  habitat. 
Vegetation  removal  contributes  to  the  loss  of  topsoil  due  to  erosion,  the  ioss  of  rearing 
and  brood  cover,  and  the  loss  of  food  sources  and  escape  cover  from  predators  for  many 
wildlife  species.  Any  one  of  these  losses,  or  a  combination  thereof,  will  result  in  wildlife 
population  declines. 

Wildlife  populations  supported  by  areas  not  impacted  by  mining,  are  varied  due  to  the 
topography  of  the  region.  The  high  ridges  offer  nesting  habitat  for  resident  species  of 
birds  white  the  low  valleys  offer  ilyways  and  cover  for  seasonal  migrants.  Mammals  that 
inhabit  the  area  are  red  squirrel,  red  fox,  opposum,  gray  fox,  etc. 

L)ue  to  coal  mining  operations  and  subsequent  acid  mine  runoff,  the  water  quality  of  the 
Stony  River  in  the  area  of  the  proposed  dam  site  is  poor.  The  literature  indicates  (and 
recent  sampling  data  verifies)  that  the  river  in  this  region  is  nearly  devoid  of  aquatic 
life. 

Town  Creek  Project 

This  project  would  be  located  on  Town  Creek,  5.5  miles  northeast  of  Oldtown,  Allegany 
County,  Maryland,  and  4.2  miles  northwest  of  Paw  Paw,  Morgan  County,  West  Virginia. 
The  project  would  supplement  the  available  dependable  flow  in  the  Potomac  River  at 
Washington,  D.C.  Total  storage  capacity  of  the  project  would  be  96,800  acre-feet  which 
would  include  57,500  acre-feet  for  LFA,  38,800  acre-feet  for  surcharge,  and  500  acre- 
feet  for  sediment.  The  safe  yield  of  the  project  is  about  63  mgd. 

The  topography  of  this  watershed  is  mountainous.  The  area  is  characterized  by  three 
major  land  forms:  a  narrow  floodplain  with  bench-like  terraces,  the  former  valley  floor, 
and  very  steep  uplands.  The  area  is  dominated  by  several  long  ridges  -  Green  Ridge  to 
the  east  and  Warrior  Mountain  to  the  west.  Forest  cover  within  this  site  is  quite  extei  - 
sive  and  composed  of  mixed  hardwoods  with  a  considerable  amount  of  Virginia  and  whit ' 
pine.  Timber  quality  is  low  but  adequate  for  recreation  site  cover. 

Streams  flowing  through  this  site  are  clear  and  apparently  free  of  pollutants.  Water 
quality  at  this  reservoir  should  be  conducive  to  ail  forms  of  water -oriented  recreation 
since  there  are  no  significant  industrial  or  population  centers  upstream  from  the  site. 

North  Mountain  Project 

fhe  North  Mountainn  project  would  be  located  on  Back  Creek  in  Berkeley  County,  West 
Virginia,  2.2  miles  due  south  of  Jones  Springs  and  2.3  miles  northeast  of  Shanghai,  West 
Virginia.  The  project  would  supplement  the  Potomac  River  flow  at  Washington,  D.C.  for 
municipal  and  water  quality  control  purposes,  and  would  enhance  the  recreational 
opportunities  in  the  Back  Creek  Valley.  The  project  would  provide  a  total  storage 
capacity  of  i 95,000  acre-feet  which  would  be  allocated  as  follows:  95,500  acre-feet  for 
LFA;  97,500  acre-feet  for  surcharge,  and  2,000  acre-feet  for  sediment.  The  safe  yield  of 
the  project  is  estimated  as  89  mgd. 

The  topography  within  the  reservoir  site  is  quite  varied,  ranging  from  flat -bottom  lands 
to  severe  slopes.  Mountains  form  a  backdrop  for  both  shores  of  the  proposed  reservoir. 
Generally,  the  land  immediately  above  the  conservation  pool  is  roiling  to  very  steep. 
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The  land  within  the  site  is  approximately  70  percent  open  and  30  percent  woodland.  The 
percentage  of  woodland  increases  as  the  terrain  becomes  more  sloping.  Soils  within  the 
area  are  a  residual  of  alluvial  soils  and  shale,  and  within  the  confines  of  the  reservoir  site 
itself  the  soil  can  be  classified  as  poor  to  good.  Away  from  the  shoreline  of  the  proposed 
reservoir,  soil  quality  deteriorates  and  is  generally  devoted  to  woodland  and  grazing. 
Forest  cover  is  composed  of  mixed  pine  and  hardwoods.  Timber  is  of  poor  quality,  but  it 
would  provide  adequate  cover  for  recreation  areas.  Water  flowing  through  this  site  is 
currently  clear  and  lacking  in  turbidity  and  pollutants.  The  reservoir  would  provide 
excellent  recreation  facilities.  The  large  lake  would  provide  many  different  kinds  of 
recreation  such  as  camping  and  boating.  The  project  would,  however,  displace  about  60 
families  presently  living  in  the  reservoir  area. 

Savage  11  Project 

This  project  would  be  located  on  the  Savage  River,  just  upstream  from  the  existing 
Savage  River  Reservoir  and  about  10  miles  southwest  of  Frostburg,  in  Garrett  County, 
Maryland.  The  project  would  provide  water  for  the  needs  of  the  North  Branch  Basin, 
enhance  the  recreational  potential  of  the  area,  and  furnish  additional  water  to  the 
MWA.  The  proposed  project  would  provide  a  total  storage  capacity  of  50,000  acre-feet 
including  39,000  acre-feet  for  LFA,  10,500  acre-feet  for  surcharge,  and  500  acre-feet  for 
sediment.  The  project  has  a  safe  yield  of  about  37  mgd. 

The  Savage  River  watershed  lies  at  the  headwaters  of  the  North  Branch  of  the  Potomac 
River.  It  flows  in  a  south-southwesterly  direction  in  Garrett  County,  Maryland  until  it 
reaches  the  existing  Savage  River  Dam.  From  this  point,  the  river  meanders  in  a  east- 
southeasterly  direction  until  it  reaches  its  confluence  with  the  North  Branch  of  the 
Potomac  River  at  Luke,  Maryland.  The  lands  adjacent  to  the  Savage  River  and  its  tribu¬ 
taries  consists  of  some  marginal  farmland,  but  steep  forested  mountain  slopes  are 
predominant. 

The  Savage  River  watershed  supports  a  diverse  group  of  plant  communities.  Those  areas 
that  would  be  impacted  from  inundation  by  the  reservoir  flood  pool  include  forested  hill¬ 
sides,  a  forest-meadow  ecotone,  and  bottom  land /riparian  areas.  These  areas  provide 
excellent  diversity  in  wildlife  habitat  and  a  variety  of  wildlife  food  sources. 

Additionally,  the  Savage  River  supports  one  of  the  finest  quality  cold-water  fisheries 
that  exist  in  Maryland. 

Back  Creek  Project 

The  Back  Creek  project  would  be  located  on  Back  Creek,  a  tributary  of  Conococheague 
Creek,  in  Franklin  County,  Pennsylvania,  5.6  miles  southwest  of  Chambersburg  and  about 
3,500  feet  downstream  from  the  Turkeyfoot-5t.  Thomas  Road  Bridge.  The  project  could 
provide  the  necessary  supplemental  flow  to  satisfy  the  projected  water  quality  needs 
along  Conococheague  Creek,  enhance  recreational  opportunities  in  the  area,  provide 
limited  flood  protection  for  the  Conococheague  Creek  basin,  and  furnish  additional  water 
for  the  MWA.  The  project  would  provide  a  total  storage  capacity  of  46,900  acre-feet 
including  19,700  acre-feet  for  LFA,  26,200  acre-feet  for  surcharge,  and  1,000  acre-feet 
for  sediment.  The  project's  safe  yield  is  approximately  18  mgd. 


The  reservoir  would  inundate  mostly  open  farmland  although  some  forest  cover  exists 
along  the  banks  of  the  creek.  The  topography  of  the  site  is  generally  rolling  with  the 
highest  bordering  hills  rising  to  70 0  feet,  or  some  150  feet  above  the  conservation  pool. 


Water  quality  should  be  relatively  good;  however,  the  expected  turbidity  might  prove 
detrimental  to  recreation  use.  This  reservoir  would  be  a  long,  narrow  Dody  of  water  with 
several  half-mile  long  embayments,  though  generally  its  shoreline  would  be  smooth  and 
suitable  for  development  of  recreation  facilities.  Fore;t  cover  at  this  site  is  extremely 
limited,  and  is  confined  to  small  patches  on  the  steeper  slopes  and  aiong  stream  valleys. 
The  reservoir  would  displace  approximately  40  families  and  remove  approximately  1,500 
acres  of  agricultural  land  from  service. 

Tonoloway  Creek  Project 

The  reservoir  site  is  located  on  Tonoloway  Creek  in  Washington  County,  Maryland,  one 
mile  south  of  the  Maryland-Pennsylvania  State  line,  and  1.7  miles  east -northeast  of 
Hancock,  Maryland.  The  project  would  supplement  streamflow  in  the  Potomac  River  at 
Washington,  D.C.,  for  projected  water  supply  and  water  quality  needs,  and  enhance  the 
recreation  opportunities  in  the  area  near  Hancock,  Maryland.  The  total  storage  capacity 
provided  by  the  project  would  be  88,000  acre-feet  including  50,000  acre-feet  for  LFA, 
37,500  acre-feet  for  surcharge,  and  500  acre-feet  for  sediment.  The  project  has  a  safe 
yield  of  about  54  mgd. 

The  topography  of  this  watershed  is  mountainous  and  dissected  by  numerous  streams. 
Several  prominent  ridges  dominate  the  reservoir  site,  some  reaching  elevations  of  900 
feet.  The  geology  of  the  Tonoloway  Creek  region  is  a  complex  assortment  of  paleozoic 
sediments  which  have  been  folded  and  eroded.  Mixed  forests  clad  the  hilltops  and  severe 
slopes.  The  flatter  bottomlands  are  farmed  while  many  of  the  more  moderately  sloping 
hills  have  been  cleared  for  pasture. 

The  streams  within  the  site  are  clear  and  unpolluted.  Since  no  significant  sources  of 
pollution  exist  upstream  from  this  site,  it  is  expected  that  the  water  quality  in  the 
proposed  reservoir  would  be  conducive  to  all  forms  of  water-oriented  recreation.  The 
project  would  displace  approximately  20  families  living  in  the  reservoir  area. 

Sideling  Hill  Project 

This  project  would  be  located  on  Sideling  Hill  Creek  in  Western  Maryland,  about  six  miles 
west  of  Berkeley  Springs,  West  Virginia,  and  1.6  miles  upstream  from  the  junction  of 
Sideling  Hill  Creek  with  the  Potomac  River,  north  of  Lineburg,  West  Virginia.  The 
project  would  supplement  the  available  dependable  flow  in  the  Potomac  River  at 
Washington,  D.C.,  and  would  enhance  the  recreation  potential  of  the  area  between 
Cumberland  and  Hancock,  Maryland.  The  project  would  provide  a  total  storage  capacity 
of  75,000  acre-feet  including  54,500  acre-feet  for  LFA,  20,000  acre-feet  for  surcharge, 
and  500  acre-feet  for  sediment.  The  project's  safe  yield  is  estimated  as  61  mgd. 

This  watershed  is  essentially  mountainous  and  almost  entirely  forested.  Sideling  Hill,  a 
long,  straight  ridge  east  of  the  reservoir  site,  rises  some  1,000  feet  above  the  proposed 
pool  and  wc  -Id  dominate  its  eastern  shore.  Ridges  to  the  west  of  the  site  are  not  as  high, 
but  are  topographically  similar  to  Sideling  Hill.  The  land  within  the  proposed  reservoir 
area  is  estimated  to  be  approximately  two-thirds  wooded.  Once  out  of  the  proposed 
reservoir  site,  the  proportion  of  woodland  increases  sharply.  The  forests  are  predomi¬ 
nantly  mixed  pine  and  hardwoods  and  are  somewhat  poor  in  quality.  Dense  pure  stands  of 
Virginia  pine  exist  in  many  areas,  particularly  on  those  sites  with  poor  soil.  The  water 
flowing  through  this  site  is  clear,  free  of  pollutants,  and  relatively  free  of  silt.  No  sig¬ 
nificant  population  centers  or  potential  pollution  sources  exist  upstream  from  the  site; 


thus,  water  quality  at  the  reservoir  should  be  conducive  to  ail  forms  of  water -contact 
recreation. 
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Little  Cacapon  Project 


The  Little  Cacapon  project  would  be  located  on  the  Little  Cacapon  River  in  the  Gore 
Magisterial  District  of  Hampshire  County,  West  Virginia,  3.4  miles  upstream  from  the 
junction  of  the  Little  Cacapon  River  with  the  Potomac  River,  and  four  miles  southwest 
of  Paw  Paw,  West  Virginia.  The  project  would  improve  the  supply  of  dependable  flow  in 
the  Potomac  River  at  Washington,  D.C.,  and  would  enhance  recreational  opportunities  in 
the  area.  The  project  would  provide  a  storage  capacity  of  82,500  acre-feet  which  would 
include  53,000  acre-feet  for  LFA,  28,700  acre-feet  for  surcharge,  and  800  acre-feet  for 
sediment.  The  maximum  safe  yield  of  this  project  is  estimated  to  be  59  mgd. 


This  site  is  steeply  rolling  and  mostly  wooded  although  few  small  areas  of  open  land  exist 
along  the  river.  The  forest  cover  is  predominantly  a  mixture  of  hardwoods  with  several 
extensive  stands  of  Virginia  pine.  The  streams  in  the  site  are  apparently  clear  and 
pollution-free.  No  significant  population  centers  or  potential  sources  of  pollution  exist 
upstream  from  this  site,  and  the  reservoir  water  quality  would  be  expected  to  be 
conducive  to  all  forms  of  recreational  use. 


This  area  is  very  sparsely  settled  and  rural  in  nature.  The  project  would  require  the  relo¬ 
cation  of  15  families,  mostly  living  on  farms,  and  remove  600  acres  of  agricultural  land 
from  production.  This  would  not  be  a  significant  impact  since  agriculturally  the  area  is 
considered  poor  and  a  great  portion  of  the  land  is  idle  or  in  brush. 


Summary  of  Environmental  Assessment 


In  summary,  in  assessing  the  wildlife  resources  found  at  the  various  project  sites,  it  was 
apparent  that  the  quality  of  these  resources  is  consistently  high.  This  was  due  to  several 
factors,  most  important  of  which  is  the  variety  of  wildlife  habitat  and  the  lack  of  human 
population  pressures  in  these  areas.  Game  populations  are  high  as  indicated  by  hunting 
activity  and  hunter  kill  data. 


Fishery  resources  in  the  upper  Potomac  River  basin  are  somewhat  unique  and  vary  in 
type  and  quality  dramatically  from  one  location  to  another.  The  system  is  unique  in  that 
the  assemblage  of  fish  species  indigenous  to  the  area  forms  a  transition  group  between 
northern  and  southern  fish  faunas.  The  fishery  also  varies  tremendously  in  quality  with 
some  of  the  most  productive  trout  and  smallmouth  bass  streams  found  on  the  east  coast 
at  the  present,  as  well  as  areas  (North  Branch)  entirely  devoid  of  aquatic  life.  Fisherman 
use  of  the  Potomac  and  its  tributaries  is  generally  quite  high  with  fishing  demand 
increasing  yearly. 

The  most  significant  change  which  has  taken  place  in  the  Potomac  River  system  during 
the  past  20  years  is  that  of  water  quaiity.  The  basin  as  a  whole  has  probably  improved 
slightly,  at  least  when  judged  on  the  basis  of  physical  and  chemical  parameters.  There 
has  been,  however,  on  a  localized  basis,  many  instances  of  a  reduction  of  water  quaiity. 
This  has  resulted  from  point  and  non-point  discharges  which  are  not  being  regulated  in 
accordance  with  best  management  practices.  These  include  industrial  discharges  such  as 
food  processing  plants  and  sand  and  gravel  operations,  as  well  as  agriculturally  related 
problems  from  pesticides,  herbicides,  and  nutrient  loading  from  inorganic  fertilizers. 
Areas  impacted  most  significantly  by  this  type  of  pollution  include  portions  of  the 
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Shenandoah  River  and  its  tributaries,  as  well  as  the  Conococheague,  Opequon,  and 
ivlonocacy  Rivers. 

Animal  species  listed  as  endangered  or  threatened  in  the  western  Maryland,  western 
Virginia,  and  eastern  West  Virginia  region  includes  the  Least  Weasel,  Mustela  nivalis 
alleghensis,  Eastern  Cougar,  Feiis  concolor  cougar,  and  the  Indiana  Bat,  Myotis  sodalis. 
However,  the  cougar  and  the  weasel  have  not  been  sighted  in  the  area  for  several  years. 
The  Black  bear  is  considered  threatened  only  by  the  State  of  Maryland.  Endangered  or 
threatened  plant  species  found  in  this  region  have  only  been  afforded  state  protective 
status  and  the  distribution  of  these  species  has  not  been  detailed  to  any  degree. 

None  of  the  proposed  reservoir  sites  are  located  on  a  designated  Federal  or  State  Wild 
and  Scenic  River.  However,  three  of  the  sites  (Royal  Glen,  Chambersburg  and  Sixes 
Bridges)  are  located  on  the  Nationwide  Inventory  which  lists  rivers  that  have  been 
identified  as  meeting  the  minimum  criteria  for  further  study  and/or  inclusion  into  the 
National  Wild  and  Scenic  Rivers  System. 

In  terms  of  the  cultural  resources  in  the  upstream  impoundments,  there  appears  to  be  a 
high  sensitivity  for  archeological  and  historical  resources.  Generally,  the  upstream 
watersheds  which  were  assessed  are  undeveloped,  rural,  and  consist  of  principally  forest, 
crop,  or  pasture  lands,  and  are  located  in  mountainous  terrain,  except  for  the  Sixes 
Bridges  site  which  lies  in  the  rolling  Piedmont  terrain.  These  watersheds  contain  broad 
to  narrow  floodplains  with  gentle  to  steep  slopes.  Due  to  their  general  pristine  condi¬ 
tions  of  water,  soil,  ecological,  and  terrace  settings,  these  watersheds  contain  a  high 
potential  for  containing  a  variety  of  prehistoric  and  historical  cultural  resources  which 
are  reflective  of  Upland  Archaic,  Multi-component,  Quarry,  Rock  Shelter,  Upland 
Woodland,  Flood  Plain  Woodland,  and  Historic  Mills  and  Farms. 


The  areas  of  cultural  sensitivities  include  the  floodplains,  interfluves,  upper  terraces, 
hollows,  marshes,  ridges,  and  bluffs.  Recent  cultural  investigations  of  the  Verona  and 
Sixes  Bridges  proposed  locales  showed  that  these  undeveloped  watersheds  contain  various 
levels  of  potentially  significant  prehistoric  and  historic  cultural  resources.  All  of  these 
cultural  sensitivities  should  be  addressed  and  evaluated  if  any  of  these  upstream  im¬ 
poundments  are  studied  in  greater  detail  in  the  future.  A  more  detailed  assessment 
would  help  as  a  good  management  practice  to  avoid  further  endangering,  destroying,  or 
causing  increased  stress  upon  the  limited  cultural  resource  bases  present  in  these 
upstream  watersheds. 


Project  Status 


Of  the  18  projects  described,  Bloomington  Lake  Project  has  already  been  constructed. 
This  recently  completed  project  provides  92,000  acre-feet  of  storage  capacity  for  low 
flow  augmentation.  Based  on  the  project  benefits  used  for  the  authorization  document, 
this  storage  is  further  allocated  into  water  supply  (41,000  acre-feet)  and  water  quality 
(51,000  acre-feet)  of  storage.  Since  the  project  authorization  in  1962,  water  quality 
needs  have  changed  due  to  construction  and  upgrading  of  the  basin's  waste  treatment 
facilities.  This  has  provided  a  reason  to  evaluate  and  reassess  the  water  quality  and 
other  project  needs.  The  Bloomington  Lake  Reformulation  Study,  authorized  under 
Water  Resources  Development  Act  of  1974,  evaluated  the  water  supply  potential  of  the 
recently  completed  project.  Appendix  H  presents  full  details  of  this  study. 


The  Sixes  Bridge  and  Verona  Projects  were  authorized  for  Phase  I  AE&D  under  Public 
Law  93-251,  Water  Resources  Development  Act  of  1974.  Phase  I  AEdcD  work  on  the 
Verona  Project  was  initiated  in  August  i975.  In  September  i977  tne  non-Federai 
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sponsors  including  the  Commonwealth  of  Virginia,  withdrew  their  support  and  the  work 
on  Verona  Project  was  terminated.  No  further  action  was  recommended. 

The  Phase  I  AE<3cD  work  on  the  Sixes  Bridge  Project  was  not  initiated  due  to  the  lack  of 
local  support  and  congressional  appropriation.  Recently,  the  Congress  has  deauthorized 
the  Sixes  Bridge  Project  under  Section  3(h)  of  Public  Law  97-128  dated  29  December 
1981. 

With  the  exception  of  these  Phase  I  AEicD  work  and  construction  of  the  Bloomington 
Lake  Project,  no  further  studies  or  investigations  were  done  on  any  of  the  projects  in  the 
Potomac  River  Basin.  At  present,  these  projects  are  not  under  active  consideration  and 
have  been  placed  in  inactive  status. 

RESERVOIR  SITES  PROPOSED  BY  THE  U.S.  FISH  AND  WILDLIFE  SERVICE 

As  part  of  the  MWA  Water  Supply  Study,  the  U.S.  Fish  and  Wildlife  Service  (USFWS)  re¬ 
evaluated  and  the  reservoir  sites  proposed  in  the  1963  Potomac  River  Basin  Report. 
USFWS's  reexamination  of  the  potential  reservoir  sites  was  based  on  five  parameters: 

(1)  destruction  of  terrestrial  habitat  in  each  proposed  flood  pool  area;  (2)  aquatic 
ecosystem  alteration  in  the  flood  pool  areas;  (3)  aquatic  habitat  destruction  below  the 
dam;  (4)  existing  water  quality  at  each  dam  site  in  question;  and  (5)  alternatives  to  the 
Corps  of  Engineers  dam  site  proposals  that  would  also  incorporate  acid  mine  drainage 
abatement,  and  in  turn,  habitat  enhancement  and  restoration.  Based  on  these  para¬ 
meters,  USFWS  determined  that  with  the  exception  of  the  North  Branch  Potomac  River, 
the  proposed  upstream  reservoir  sites  would  result  in  significant  fish  and  wildlife 
resource  losses.  The  reduced  water  quality  and  impacted  fish  and  wildlife  resources  of 
the  North  Branch  resulting  from  coal  mining  activities  suggest,  however,  that  potential 
sites  for  reservoir  storage  could  be  implemented  in  this  region  without  significant 
resource  losses.  Further,  this  preliminary  review  and  examination  indicated  that  not  only 
could  potential  reservoir  storage  be  obtained  in  the  North  Branch  Potomac  River,  but 
significant  aquatic  resource  restoration  and  enhancement  could  be  realized.  USFWS 
recommended  three  sites  for  further  investigation  by  the  Corps  of  Engineers.  These  sites 
were  Mount  Storm,  Laurel  Run,  and  Abram  Creek.  Of  these  three,  Mount  Storm  would 
be  located  in  the  same  general  area  where  it  was  proposed  in  the  1963  Potomac  River 
Basin  Study  and  was  described  in  the  previous  section.  Data  for  the  other  two  sites, 
Laurel  Run  and  Abram  Creek,  are  presented  in  the  following  paragraphs. 

Laurel  Run 

Laurel  Run  is  the  westernmost  tributary  in  Maryland  that  enters  the  North  Branch 
Potomac  River.  The  stream  flows  in  a  northeasterly  direction  through  the  southern  tip 
of  Garrett  County,  Maryland,  where  it  joins  the  North  Branch  Potomac  River,  one  mile 
due  east  of  Red  Oak,  Maryland.  Its  main  tributaries  include  Chestnut  Ridge  Run  and  Red 
Oak  Run.  Lands  adjacent  to  Laurel  Run  are  marginal  agricultural  lands,  flanked  by 
relatively  steep,  forested  mountain  slopes. 

The  proposed  site  is  immediately  downstream  of  the  point  where  Red  Oak  Run  and 
Chestnut  Run  join  Laurel  Run.  A  dam  at  this  location  could  provide  a  storage  capacity 
of  2,680  acre-feet  with  a  top  of  dam  elevation  of  2,700  feet  above  mean  sea  level.  The 
proposed  dam  would  be  1,100  feet  long  and  more  than  100  feet  high.  The  lake  behind  the 
dam  could  provide  a  surface  area  of  50  acres. 

The  terrestrial  ecosystem  in  the  Laurel  Run  watershed  is  typically  a  mixed  mesic  hard¬ 
wood  forest  that  is  indigenous  to  the  mid-Appalachian  region.  Wildlife  species  that 
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utilize  these  forested  areas  are  of  the  same  species  that  inhabit  the  Stony  River  area  in 
which  the  Mount  Storm  site  is  located.  Physiographic  characteristics  are  also  similar  to 
those  found  in  other  segments  of  the  North  Branch  Potomac  River  region. 

Biological  and  water  quality  sampling  of  the  Laurel  Run  indicates  that  the  stream  is  of 
poor  quality.  This  is  mainly  due  to  the  acid  mine  runoff. 

Laurel  Run  has  a  drainage  area  of  less  than  a  square  mile  (503  acres)  including  its  two 
main  tributaries  and  would  not  be  able  to  provide  significant  flow  which  could  be 
stored.  The  proposed  dam  site  would  be  located  in  a  substantially  coal  mine  area  and 
could  experience  adverse  foundation  problems.  Due  to  these  reasons,  Laurel  Run  Project 
was  dropped  from  further  consideration. 

Abram  Creek 

The  headwaters  of  Abram  Creek  originate  southeast  of  Mount  Storm,  West  Virginia.  The 
Creek  meanders  north  through  Grant  and  Mineral  Counties,  West  Virginia,  to  its  conflu¬ 
ence  with  the  North  Branch  Potomac  River,  near  Harrison,  West  Virginia.  The  main 
tributaries  to  Abram  Creek  include  Johnnycake  Run,  Wyeroff  Run,  Glade  Run  and  Emory 
Creek.  The  areas  that  Abram  Creek  passes  through  vary  from  open,  moderately  sloping 
stream  valleys  to  steep,  forested  mountains.  Within  its  drainage  area  of  42.9  square 
miles  are  numerous  abandoned  and  active  strip  and  deep  coal  mines. 

Two  dam  sites  on  Abram  Creek  were  investigated.  Site  A  was  located  about  2.5  miles 
upstream  of  the  point  where  Emory  Creek  jointed  Abram  Creek.  The  proposed  Site  A 
would  control  a  drainage  area  of  about  30.0  square  miles.  A  dam  at  this  location  could 
provide  a  storage  capacity  of  2,200  acre-feet  with  a  top  of  dam  elevation  of  2,200  feet 
msl.  The  proposed  dam  at  Site  A  would  be  2,100  feet  long  and  about  160  feet  high.  The 
lake  behind  the  dam  would  provide  a  surface  area  of  375  acres. 

Site  B  would  be  located  about  0.25  miles  upstream  from  the  county  line  between  Mineral 
and  Grant  Counties,  and  about  0.25  miles  downstream  of  the  point  where  Johnnycake  Run 
meets  the  Abram  Creek.  The  proposed  Site  B  would  control  a  drainage  area  of  26.4 
square  miles  and  provide  a  storage  capacity  of  3,900  acre-feet  with  a  top  of  dam  eleva¬ 
tion  of  2,400  feet  msl.  The  proposed  dam  at  Site  B  would  be  1,700  feet  long  and  about 
160  feet  high.  The  lake  behind  the  dam  would  have  a  surface  area  of  650  acres. 

Terrestrial  habitat  for  the  Abram  Creek  watershed  is  similar  to  that  found  in  other  large 
tributaries  of  the  North  Branch  Potomac  River.  However,  there  has  been  and  still  is 
extensive  coal  mining  in  the  basin.  This  has  caused  severe  stress  situations  in  the  terres¬ 
trial  environment  due  to  extensive  loss  of  vegetation  and  erosion  of  soils.  This  has  also 
resulted  in  significant  wildlife  losses.  To  further  complicate  this,  Abram  Creek  exhibits 
poor  water  quality  due  to  acid  mine  drainage.  Due  to  this  acid  loading,  no  aquatic  life 
exists  in  this  stream.  Recent  sampling  data  shows  that  not  only  is  the  main  stream  of 
Abram  Creek  severely  polluted  but  also  several  of  its  tributaries. 

No  efforts  were  made  to  develop  cost  data  for  these  sites  because  of  uncertain  subsur¬ 
face  conditions.  Detailed  investigations  would  be  needed  to  determine  foundation  design 
and  stability  analyses. 

ANALYSIS  OF  THE  UPSTREAM  RESERVOIR  SITES 

These  19  reservoir  sites  in  the  upstream  portion  of  the  Potomac  River  Basin  were 
examined  for  the  MWA  Water  Supply  Study,  The  analyses  performed  during  the  study 
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indicated  that  no  significant  changes  had  occurred  since  the  original  projects  were 
formulated.  The  current  state  of  the  project  sites  were  compared  to  those  evaluated  in 
earlier  reports;  there  were  no  new  site  conditions  which  would  cause  significant  modifi¬ 
cations  to  the  design  of  the  reservoir  projects.  Therefore,  the  analysis  concluded  that 
the  previously  developed  design  and  costs  were  still  valid  and  applicable  to  the  MWA 
Water  Supply  Study.  Subsequently,  the  costs  were  updated  to  October  1981  values. 

In  addition,  reexamination  of  the  original  environmental  assessment  data  and  field  inves¬ 
tigations  of  the  project  sites  revealed  that  the  types  of  terrestrial,  aquatic,  and  cultural 
resources  had  not  changed  significantly  in  the  20  years  since  the  original  assessment. 
With  perhaps  the  exception  of  water  quality,  there  were  no  significant  localized  changes; 
that  is,  those  changes  which  occurred  in  one  part  of  the  basin  were  reported  at  other 
sites.  Changes  in  water  quality,  particularly  increased  non-point  pollution  problems, 
were  somewhat  site-specific;  however,  these  were  considered  minor  in  comparison  to  the 
overall  environmental  impacts.  The  environmental  reevaluation  concluded  that  the  rela¬ 
tive  impacts  of  the  alternative  sites  were  still  relevant. 

Since  both  the  relative  costs  and  environmental  impacts  for  the  reservoir  sites  developed 
in  the  earlier  reports  were  still  considered  valid  for  the  level  of  detail  in  the  present 
effort,  the  earlier  formulation  analysis  was  chosen  as  a  means  of  selecting  sites  for  plan 
formulation  for  the  MWA  Water  Supply  Study.  Of  the  original  reservoir  projects  from 
the  1963  Report,  the  sites  selected  by  the  Chief  of  Engineers  in  1969  were  Sixes  Bridge, 
Verona,  Town  Creek,  North  Mountain,  Sideling  Hill,  and  Little  Cacapon.  These  sites 
were  chosen  as  water  supply  solutions,  as  well  as  to  meet  flood  control,  recreation,  and 
water  quality  needs.  Details  about  the  original  selection  process  for  these  sites  are  pre¬ 
sented  in  Appendix  A  of  this  report.  These  six  sites  were  selected  to  be  carried  into  ihe 
formulation  phase,  as  presented  in  Appendix  B,  Plan  Formulation.  Assessment,  and 
Evaluation. 

In  addition,  the  three  sites  recommended  by  the  U.S.  Fish  and  Wildlife  Service  were 
reviewed  for  their  value  as  potential  alternatives  in  the  final  formulation.  First,  the  two 
headwater  sites,  Laurel  Run  and  Abram  Creek,  would  have  only  a  limited  amount  of 
storage,  and  consequently  could  only  minimally  increase  the  downstream  water  supply. 
Also,  their  small  storage  would  not  provide  any  measurable  improvement  in  the  down¬ 
stream  water  quality.  For  these  two  reasons,  these  two  sites  were  eliminated  from 
further  consideration. 

The  other  FWS  site,  Mount  Storm,  was  not  very  favorable  from  a  cost  per  yield  view¬ 
point,  having  a  cost  of  $1.31  million  per  mgd  while  five  of  the  six  already-selected 
projects  had  costs  below  $1  million  per  mgd.  However,  the  water  quality  of  Stone  River 
could  be  substantially  improved  with  a  storage  project  at  Mount  Storm.  This  potential 
for  restoration  of  the  aquatic  resource  warranted  further  consideration  in  light  of  the 
general  environmental  concerns  about  reservoir  construction.  Therefore,  the  Mount 
Storm  project  was  included  in  the  MWA  plan  formulation  process. 

A  summary  of  the  cost  and  yield  data  for  the  upstream  reservoir  sites  is  presented  in 
fable  F-26.  The  sites  are  listed  in  order  of  ascending  cost  per  mgd,  for  comparison.  The 
seven  sites  selected  for  further  formulation  analysis  are  noted  in  Table  F-26.  Although 
these  sites  coula  provide  substantial  storage  for  tne  MWA,  they  have  received  very  little 
support  from  the  affected  state  and  local  governments,  as  well  as  the  local  citizenry.  In 
adaition,  any  of  the  reservoir  projects  would  have  considerable  impact  on  the  neighDoring 
aquatic  and  terrestrial  systems.  Their  potential  as  favorable  alternatives  would  have  to 
be  viewed  in  these  contexts. 
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SUMMARY  OF  THE  UPSTREAM  RESERVOIR  SITES 
(October  I9S1  Price  Levels) 


=  Not  Avail  able 


GROUNDWATER 


INTRODUCTION 

Groundwater  has  served  as  a  water  supply  source  for  many  centuries.  Groundwater- 
dependent  systems  exist  throughout  the  United  States  and  the  world.  Its  universality  as 
well  as  its  generally  good  water  quality  make  it  a  very  attractive  supply  source.  It  is 
essentially  an  underground  reservoir  with  a  high  water  supply  potential  in  some  locali¬ 
ties.  However,  the  ability  of  the  groundwater  resource  to  provide  large  supplies  varies 
considerably  depending  on  the  underlying  aquifer  characteristics.  It  was  these  character¬ 
istics  which  were  the  focus  of  the  technical  groundwater  investigations  for  the  MWA 
Water  Supply  Study. 

Although  the  major  water  utilities  in  the  Metropolitan  Washington  Area  (MWA)  do  not 
utilize  the  groundwater  source,  groundwater  has  provided  a  steady  supply  to  several 
communities  in  the  outlying  areas.  The  potential  for  even  greater  groundwater  develop¬ 
ment  remains.  The  costs  and  impacts  for  several  groundwater  development  schemes 
were  evaluated  for  this  study.  The  details  of  this  analysis  are  presented  in  the  following 
sections. 

NEWS  STUDY  GROUNDWATER  SCHEMES 

In  the  Northeastern  United  States  Water  Supply  Study  (NEWS)  two  groundwater  regions 
were  identified  as  potential  projects  for  the  MWA.  The  first  NEWS  project  was  a  well- 
field  scheme  in  the  Hagerstown  area,  located  about  50  miles  west  of  the  MWA.  The 
Hagerstown  wellfield  scheme  consisted  of  pumping  up  to  50  mgd  from  the  carbonate  rock 
aquifers  underlying  the  Hagerstown  Valley  physiographic  region.  The  water  would  then 
be  discharged  directly  to  a  Potomac  River  tributary  upstream  of  the  MWA's  raw  water 
intakes  at  Great  Falls,  Maryland.  The  project  was  planned  for  operation  on  an  as-needed 
basis.  In  order  to  provide  50  mgd,  two  wellfield  sites  of  90  and  80  wells  each  were 
designed  for  the  NEWS  project.  The  maximum  well  depth  would  be  about  300  feet. 

The  NEWS  study  also  considered  groundwater  development  in  the  Maryland  Coastal  Plain 
region  lying  east  of  the  MWA.  This  wellfield  scheme  was  planned  to  tap  the  region's  deep 
aquifers,  particularly  the  Magothy  and  Patapsco  formations.  To  fully  penetrate  these 
aquifers  and  thus  maximize  their  well  yields,  the  wells  would  have  to  be  drilled  to  a 
depth  of  approximately  1100  feet.  For  the  NEWS  study,  two  specific  sites  of  25  and  50 
wells  were  investigated.  These  sites  are  located  in  southeastern  Anne  Arundel  County. 
From  the  developed  wellfields,  the  water  would  be  piped  to  McMillan  Water  Treatment 
Plant  for  aeration  and  sedimentation  treatment,  and  subsequent  distribution,  according 
to  the  NEWS  scheme. 

The  NEWS  analysis  concluded  that  both  of  these  schemes  would  be  moderately  expensive 
and  energy-intensive  water  supply  sources  with  power-sensitive  operating  costs.  The 
availability  of  water  from  the  Hagerstown  Valley  wellfield  scheme  was  somewhat  ques¬ 
tionable  due  to  the  highly  variable  yield  patterns  in  the  carbonate  rocks.  The  carbonate 
aquifer  permeability  in  the  Hagerstown  Valley  is  very  dependent  on  the  underlying 
geologic  structure  and  depositional  characteristics,  i.e.,  the  location  of  fractures  and 
joints;  therefore,  the  well  yield  of  individual  wells  would  vary  considerably  within  short 
distances.  On  the  other  hand,  the  Coastal  Plain  aquifers  exhibit  relatively  homogeneous 
hydraulic  characteristics,  and  their  yield  is  geographically  consistent.  Consequently,  the 
Coastal  Plain  groundwater  project  would  provide  a  reliable  water  supply  source.  Due  to 
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the  direct  connection  with  the  MWA  system,  the  Coastal  Plain  scheme  could  also  operate 
on  a  peak-supply  basis  as  well  as  for  base  supply.  The  Hagerstown  Valley  project  by  its 
distance  from  the  MWA  intakes  would  only  provide  additional  base  supply.  Both  of  these 
projects  would  have  some  adverse  impacts  on  the  wellfield  area  environment  and  the 
local  groundwater  users. 

For  the  MWA  Water  Supply  Study,  these  two  NEWS  schemes  were  selected  initially  for 
further  detailed  investigation  as  groundwater  alternatives.  However,  there  was  strong 
citizen  opposition  to  the  development  of  wellfield  sites  in  the  Hagerstown  Valley  area. 
Additionally,  at  the  July  1977  meeting  of  the  Federal-Interstate-Region  Advisory 
Committee  (FISRAC),  the  State  of  Maryland  recommended  that  the  scheme  be  dropped 
from  further  consideration  as  an  MWA  alternative.  The  State  of  Maryland  also  cautioned 
that  use  of  the  Southern  Maryland  groundwater  resource  for  the  MWA  would  be  accept¬ 
able  only  if  it  were  demonstrated  that  local  groundwater  users  would  not  be  significantly 
affected  by  the  water  transfer. 

Given  these  concerns,  the  Hagerstown  Valley  scheme  was  eliminated,  and  detailed 
groundwater  modelling  efforts  were  undertaken  for  the  Coastal  Plain  region.  The 
remainder  of  the  groundwater  investigations  for  the  MWA  Water  Supply  Study,  then, 
focused  on  ascertaining  the  feasibility  of  using  the  Coastal  Plain  aquifers  in  southern 
Maryland  to  supplement  the  MWA  supply  system.  . 

STUDY  AREA  DESCRIPTION 

GENERAL 

The  study  area  for  the  groundwater  investigations  was  defined  as  that  part  of  the  Coastal 
Plain  of  Southern  Maryland  that  falls  within  a  30-mile  radius  of  Washington,  D.C.,  and  is 
east  of  the  Fall  Line,  as  depicted  in  Figure  F-26.  This  hemisphere  was  considered  a 
practical  economic  limit  for  developing  a  groundwater  supply  for  the  MWA.  The  aquifer 
to  the  west  of  the  Fall  Line,  the  Piedmont  aquifer,  was  not  included  in  the  study  because 
of  its  small  yield. 

The  study  area  encompasses  large  portions  of  Anne  Arundel,  Calvert,  Charles,  and  Prince 
Georges  Counties.  The  area  is  characterized  by  gently  rolling  topography.  Elevations  in 
the  study  area  range  from  sea  level  to  a  maximum  of  460  feet  in  northern  Prince  Georges 
County.  Numerous  estuaries  and  stream  valleys  dissect  the  land  formations.  The 
Potomac  and  Patuxent  estuaries  are  the  major  bodies  of  water  within  this  study  area. 
Tidal  marshes  and  swamps  are  commonly  adjacent  to  the  estuaries  and  streams. 

The  climate  of  the  southern  Maryland  area  is  generally  humid  and  temperate.  Rainfall  is 
fairly  evenly  distributed  throughout  the  year  but  is  highest  in  summer  due  to  frequent 
thundershowers.  On  the  average,  July  and  August  are  the  wettest  months,  while 
November  is  the  driest.  The  average  annual  precipitation  for  the  study  area  is  about  45 
inches. 

GEOLOGY 

The  Coastal  Plain  consists  of  numerous  layers  of  unconsolidated  sediments  as  indicated  in 
Figure  F-27.  The  wedge  of  these  deposits  ihcreases  in  thickness  from  a  feather  edge  at 
the  Fall  Line  to  about  2,400  feet  in  southern  Prince  Georges  County.  The  basal  Coastal 
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FIGURE  F-26 


LOCATION  OF  THE  GROUNDWATER  STUDY 
AREA 


GENERAL  I ZLU  GEOLOGIC  GROSS-SECT  ION  0 
THE  COASTAL  PLAIN  SLDIMLNTS 


Plain  unit  is  the  Potomac  Group  of  Early  Cretaceous  age,  the  Patapsco,  Arundel,  and 
Patuxent  Formations,  which  constitutes  most  of  the  bulk  of  the  sediments.  This  group 
has  an  average  thickness  of  1000  feet  compared  to  the  total  average  wedge  thickness  of 
1470  feet,  as  noted  in  Table  F-27.  Much  of  the  study  area  surface  is  covered  by  a  veneer 
of  sand,  silt,  and  clay  deposited  during  the  Pleistocene  period.  A  description  of  the 
Coastal  Plain  sediments  is  presented  in  Table  F-27. 

The  Coastal  Plain  sediments  in  the  study  area  were  deposited  under  various  conditions. 
During  Early  Cretaceous  time,  the  Potomac  Group  sediments  were  deposited  in  a  fluvio- 
deltaic  environment.  Deposition  of  this  type  consists  of  complexly  related  stream  and 
sandbar  sand  and  gravel,  intermixed  with  floodplain  and  swamp  silt  and  clay.  The 
Patuxent  and  Patapsco  Formations  are  composed  of  extensive  sand,  whereas  the  Arundel 
Formation  is  principally  silt  and  clay.  However,  because  of  this  constantly  changing 
environment  both  laterally  and  vertically,  it  is  difficult  today  to  correlate  discrete  sand 
units  between  wells. 

The  fluvial  environment  of  Early  Cretaceous  time  was  followed  by  a  fluvio-marine  phase 
in  the  Late  Cretaceous  represented  by  the  Magothy  Formation.  These  near-shore 
deposits  consist  primarily  of  sand  and  gravel.  Because  of  the  gradual  landward  encroach¬ 
ment  of  the  sea  during  the  formation  of  the  Magothy,  the  sand  tends  to  become  finer 
upward.  As  the  sea  encroached  onto  the  land,  the  depositional  environment  gradually 
changed  to  a  strictly  marine  environment. 

The  marine  environment  is  represented  first  by  die  Severn  and  Matawan  Formations,  and 
also  by  the  overlying  Brightseat  Formation.  The  sediments  of  these  formations  consist 
almost  entirely  of  silt  and  clay  typical  of  marine  deposition.  Above  the  Brightseat 
Formation  is  the  Aquia  Formation.  During  Aquia  time,  the  sea  began  to  regress  from  the 
land.  Finally,  during  the  latter  part  of  the  Aquia  time,  much  sand  and  fine  sand  were 
deposited  in  this  shallowing  sea.  Overlying  the  Aquia  Formation  is  the  fluvial-marine 
Marlboro  Clay,  consisting  of  about  30  feet  of  very  tight  clay.  Located  above  the 
Marlboro  Clay,  the  sediments  of  the  Nanjemoy  Formation  are  an  admixture  of  fine  sand, 
silt,  and  clay  deposited  in  a  marine  environment.  The  sandy  Piney  Point  Formation 
overlies  the  Nanjemoy  Formation.  However,  the  Piney  Point  Formation  pinches  out  just 
east  of  the  study  area  and  therefore  was  not  included  in  the  groundwater  investigations. 
The  Calvert  Formation  directly  overlies  the  Nanjemoy  in  the  study  area.  The  sediments 
of  the  Calvert  Formation  were  deposited  in  a  shallow  marine  sea  and  consist  of  clay,  silt, 
and  fine  sand.  Finally,  the  Pliocene  and  Pleistocene  deposits  are  irregularly  distributed 
near  the  surface  throughout  the  area.  These  are  mostly  fluvial  deposits,  and  vary  from 
silt  and  clay  to  sand  and  gravel. 

These  Coastal  Plain  sediments  generally  consist  of  alternating  layers  of  clay,  silt,  and 
sand.  The  sandy  layers  act  as  conduits  through  which  groundwater  flows.  These  layers 
are  called  aquifers  if  they  yield  sufficient  flow.  The  less  permeable  silt  and  clay  act  as 
confining  layers  that  restrict  flow  in  the  vertical  directions,  thus  constraining  flow 
between  those  aquifers  which  are  separated  by  confining  layers.  However,  confining 
layers  generally  permit  passage  of  small  amounts  of  water  between  aquifers  where 
pressure  differences  are  sufficient.  The  whole  Coastal  Plain  wedge  is  but  a  single  system 
in  which  the  direction  of  water  movement  within  the  layers  is  dictated  by  permeability 
and  pressure  differences.  Thus,  even  where  the  sand  layers  seem  discontinuous,  hydraulic 
continuity  with  other  sand  units  is  commonly  good  because  sediments  separating  the 
discontinuous  sand  layers  are  not  totally  impermeable. 
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Digital  Simulation  of  Groundwater  Flow  in  Part  of  Southern  Maryland.  William  B.  Fleck,  U.5.  Geological  Survey,  Towson,  Maryland,  1982. 


DESCRIPTION  OF  AQUIFERS 


Within  the  study  area,  there  are  four  major  formations  which  serve  as  aquifers.  These 
aquifers  include,  in  ascending  order,  the  Patuxent,  the  Patapsco,  the  Magothy,  and  the 
Aquia  Formations.  The  locations  of  major  withdrawals  from  these  aquifers  are  identified 
in  Figure  F-2S.  The  aquifers  are  described  in  detail  in  the  following  sections. 

Patuxent  Formation 


The  Patuxent  Formation  crops  out  along  the  Fail  Line  immediately  adjacent  to  the  crys¬ 
talline  Piedmont  rocks.  It  thickens  from  a  feather  edge  along  the  Fall  Line  to  about  500 
feet  on  the  east  side  of  the  study  area.  The  Patuxent  aquifer  is  a  multi-aquifer  unit  con¬ 
sisting  of  several  water-bearing  sand  layers.  Individual  sand  units  range  in  thickness 
from  several  feet  to  as  much  as  100  feet.  Near  Baltimore,  these  units  may  comprise  as 
much  as  50  percent  of  the  Patuxent  Formation.  Southward,  the  percentage  of  sand 
diminishes. 

Transmissivity,  which  is  a  measure  of  the  aquifer's  ability  to  transmit  water,  is  fairly 
well  known  in  the  updip  part  of  the  Patuxent  Formation,  especially  between  Washington 
and  Baltimore  where  transmissivity  and  usage  is  greatest.  Transmissivity  data  for  the 
rest  of  the  study  area  are  sparse.  A  map  of  the  estimated  transmissivity  distribution  in 
the  Patuxent  aquifer  is  presented  later  in  this  appendix. 

A  primary  source  of  recharge  to  the  Patuxent  aquifer  is  from  precipitation  on  the 
outcrop  area.  Mack  (Reference  4)  estimates  that  for  Anne  Arundel  County,  about  25 
percent  of  the  precipitation  recharges  the  aquifers.  This  amounts  to  about  0.5  mgd  per 
square  mile  for  an  annual  precipitation  of  45  inches.  In  the  study  area,  the  recharge  area 
of  the  Patuxent  aquifer  is  about  300  square  miles.  Thus,  the  Patuxent  aquifer  within  the 
study  area  receives  about  150  mgd  recharge.  However,  most  of  this  recharge  is  dis¬ 
charged  as  base  flow  to  streams  and  rivers  or  directly  to  Chesapeake  Bay.  Mack  also 
estimates  that  0.1  mgd  per  square  mile  of  this  recharge  moves  downgradient  into  the 
deeper  parts  of  the  aquifers.  This  amounts  to  approximately  30  mgd  for  the  Patuxent 
aquifer. 

The  Arundel  Formation,  above  the  Patuxent  aquifer,  is  a  thick  confining  silt  and  clay  unit 
that  allows  only  small  volumes  of  water  to  pass  through.  Near  the  outcrop,  heads  in  the 
overlying  Patapsco  aquifer  are  generally  higher  than  heads  in  the  Patuxent,  causing 
downward  movement  of  water  through  the  confining  silt  and  clay  into  the  Patuxent 
aquifer.  Under  the  Chesapeake  Bay,  the  head  gradient  is  reversed;  thus,  water  is 
discharged  from  the  Patuxent  aquifer  upward  through  the  confining  Arundel  Formation. 

Pumpage  from  the  Patuxent  aquifer  statewide  is  about  20  mgd.  About  80  to  90  percent 
of  this  pumpage  is  from  northern  Anne  Arundel  and  northern  Prince  Georges  Counties,  as 
noted  in  Figure  F-28.  Almost  all  of  the  pumpage  is  from  shallow  wells  in  the  updip  part 
in  or  near  the  outcrop  area. 

Patapsco  Formation 

The  Patapsco  Formation  crops  out  along  a  belt  eastward  and  parallel  to  that  of  the 
Patuxent  Formation.  The  width  of  the  outcrop  ranges  from  12  miles  south  of  Baltimore, 
to  2  miles,  on  the  east  side  of  Washington.  The  area  of  the  outcrop  is  about  300  square 
miles.  As  in  the  Patuxent  aquifer,  recharge  on  the  outcrop  area  of  the  Patapsco  is  esti- 
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mated  as  150  mgd,  of  which  about  30  mgd  moves  downward  to  the  deep  part  of  the 
aquifer. 


Like  the  Patuxent  aquifer,  the  Patapsco  aquifer  contains  sandy  layers  interbedded  with 
silt  and  silty  clay.  The  sandy  layers  act  as  aquifers;  however,  they  tend  to  be 
discontinuous.  Sand  in  the  Patapsco  Formation  is  generally  finer  than  that  in  the 
Patuxent;  however,  the  overall  thickness  of  sand  beds  is  greater.  Transmissivity  is  high 
in  the  Baltimore-Annapolis  area.  Southward,  transmissivity  is  much  less.  Cumulative 
thickness  of  sand  beds  in  the  Annapolis  area  is  about  300  feet.  Southward,  the 
cumulative  thickness  decreases,  and,  in  Charles  County,  it  is  generally  less  than  150  feet. 

Pumpage  from  the  aquifer  is  about  20  to  25  mgd  and  confined  to  the  updip  part. 

Heaviest  use  is  in  northern  Prince  Georges  and  Anne  Arundel  Counties  and,  south  of 
Washington,  along  the  Potomac  River  in  Charles  County. 

Magothy  Formation 

The  Magothy  aquifer  crops  out  in  Prince  Georges  and  Anne  Arundel  Counties.  South  of 
central  Prince  Georges  County,  it  is  overlapped  by  the  younger  silty  clay  of  the  Mata  wan 
and  Brightseat  Formations.  The  Magothy  aquifer  ranges  in  thickness  from  about  200  feet 
in  the  Annapolis  area  to  a  feather  edge  where  it  pinches  out  in  the  southern  part  of  the 
study  area. 

The  coarser  sand  and  gravel  generally  occur  at  the  base  of  the  aquifer  which  overlies  the 
Patapsco  clay  beds.  The  sediments  of  the  Magothy  become  finer  upward,  grading  into 
the  overlying  clayey  confining  beds  of  the  Mata  wan  and  Brightseat  Formations. 

Generally,  where  the  aquifer  is  thicker,  transmissivity  is  higher.  An  area  of  high 
transmissivity  is  Located  in  the  northern  part  of  the  study  area. 

The  aquifer  is  partly  recharged  at  the  outcrop  area  in  Prince  Georges  and  Anne  Arundel 
Counties.  The  area  of  the  outcrop  is  about  50  square  miles.  With  the  assumption  that  25 
percent  of  precipitation  recharges  the  aquifer,  about  25  mgd  is  recharged  in  the  study 
area,  and  about  5  mgd  seeps  downward  into  the  deeper  parts  of  the  aquifer.  Leakage 
from  the  overlying  Aquia  Formation  and  the  underlying  Patapsco  aquifer  provides  some 
additional  recharge. 

Total  pumpage.  from  the  Magothy  aquifer  in  Maryland  is  about  8  to  10  mgd.  Figure  F-28 
shows  the  location  of  the  principal  pumping  centers.  Although  the  distribution  of  pump¬ 
ing  centers  is  relatively  even,  consumption  is  heaviest  in  the  Annapolis  area  with  about  4 
to  5  mgd  of  withdrawals.  In  Prince  Georges  County,  pumpage  from  the  Magothy  is 
slightly  less  than  1  mgd  and,  in  Charles  County,  it  is  about  0.5  mgd. 

Aquia  Formation 

The  Aquia  aquifer  crops  out  as  an  irregularly  shaped  belt  from  Sandy  Point  in  Anne 
Arundel  County  to  Indian  Head  in  southwestern  Charles  County.  The  maximum  width  of 
the  outcrop  is  about  10  miles,  and  its  area  is  about  170  square  miles.  Assuming  that  re¬ 
charge  from  precipitation  is  0.5  mgd  per  square  mile,  total  recharge  to  the  Aquia  is  85 
mgd,  17  mgd  of  which  moves  downward  into  the  deeper  part  of  the  aquifer.  As  with  the 
other  aquifers,  leakage  both  into  and  out  of  the  Aquia  occurs  through  the  adjacent 
confining  layers.  Sandy  beds  in  the  Aquia  are  thickest  east  of  the  Chesapeake  Bay.  In 
the  study  area  the  sand  beds  are  40  to  70  feet  thick. 


Total  pumpage  from  the  Aquia  aquifer  is  about  4  mgd;  however,  almost  all  is  outside  the 
study  area.  Figure  F-28  indicates  only  a  few  pumping  centers  within  the  study  area; 
however,  the  pumpage  is  less  than  0.1  mgd. 

AQUIFER  WATER  QUALITY 

Natural  water  quality  in  the  four  major  aquifers  is  generally  good  in  the  study  area  and 
suitable  for  potable  supplies  with  minimal  treatment.  In  the  updip  areas,  the  water  is 
commonly  safe,  low  in  total  dissolved  solids  (TDS),  low  in  chlorides,  with  moderately  low 
but  acceptable  pH  values,  and  somewhat  high  in  iron.  The  high  iron  concentrations  re¬ 
quire  some  treatment  prior  to  domestic  use.  As  the  aquifers  go  downward,  the  water 
tends  to  become  harder,  more  alkaline  (higher  pH),  with  lower  concentrations  of  iron,  and 
higher  concentrations  of  chlorides  and  TDS.  Outside  of  the  study  area,  the  aquifers 
become  quite  brackish,  to  the  point  of  unsuitability  for  potable  use. 

According  to  Otton's  report  in  1955  (Reference  5),  water  from  the  Patuxent  aquifer  had 
an  average  pH  of  6.1,  and  its  TDS  levels  ranged  from  18  to  227  mg/1  with  an  average  of 
91  mg/1.  Recent  well  records  from  the  State  of  Maryland  generally  confirm  these 
findings.  These  analyses  indicate  an  average  pH  of  6.3  and  a  TDS  range  of  14-210  mg/1, 
with  an  average  TDS  concentration  of  86  mg/1  in  the  Patuxent  wells. 

For  the  Patapsco  formation,  Maryland  groundwater  quality  analyses  indicate  an  average 
pH  of  6.6  and  TDS  concentrations  ranging  from  34  to  265  mg/1.  The  average  dissolved 
solids  concentration  was  found  to  be  135  mg/1.  The  average  pH  is  considerably  greater 
than  Otton's  value  (an  average  pH  of  5.7)  for  ail  of  southern  Maryland. 

The  Magothy  Formation  in  the  study  area  exhibits  an  average  pH  of  7.1,  and  TDS  values 
between  66  and  224  mg/1.  The  average  TDS  concentration  is  152  mg/1.  Like  the 
Patapsco  formation,  the  observed  pH  value  in  the  study  area  is  higher  than  Otton's  value 
of  6.5  for  the  Magothy  aquifer  in  southern  Maryland. 

In  the  Aquia  aquifer,  the  average  pH  was  observed  to  be  7.8.  TDS  concentrations  ranged 
from  67  to  238  mg/1,  with  an  average  of  170  mg/l.  These  values  are  similar  to  Otton's 
indicating  that  Aquia  water  quality  within  the  study  area  is  typical  for  the  Aquia 
throughout  southern  Maryland. 

As  indicated  earlier,  there  is  a  trending  in  pH  values  from  the  updip  (low  pH,  acidic 
water)  to  the  downdip  (higher  pH,  more  alkaline)  areas.  This  is  fairly  well  outlined  in 
Figure  F-29  which  shows  the  regional  variation  in  pH.  The  data  was  based  on  well 
observations  from  all  four  aquifers.  The  TDS  concentrations  noted  earlier  are  all  within 
an  acceptable  range  (less  than  1000  mg/1)  for  most  domestic  and  industrial  uses. 

GROUNDWATER  MODELLING  BY  USGS 


As  part  of  the  MWA  Water  Supply  Study  groundwater  investigations,  the  United  States 
Geological  Survey  (USGS)  was  contracted  to  perform  detailed  studies  of  the  groundwater 
availability  and  the  drawdown  effects  due  to  large-scale  pumping  from  the  Coastal  Plain 
aquifers.  This  analysis  was  formally  completed  in  May  1982  with  the  submission  of  the 
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FIGURE  F-28 


APPROXIMATE  LXATIONS  OF  THE  MAJOR 
GROUNDWATER  PUMPAGE  FROM  THE 
COASTAL  PLAIN  AQUIFERS 
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REGIONAL  VARIATION  IN  GROUNDWATER  PH 


Southern  Maryland,  is  attached  to  this  appendix  as  Annex  F-l.  In  addition,  Maryland 
Geological  Survey's  Report  of  Investigations  No.  33,  A  Quasi  Three-Dimensional  Finite 


Difference  Groundwater  Flow  Model  with  a  Field  Application  (1979).  is  also  printed  in 
Annex  F-l.  This  report  describes  the  aquifer  model  used  by  the  USGS  in  their  ground- 
water  simulations  for  the  MW  A  Water  Supply  Study. 

The  first  phase  of  the  USGS  modelling  efforts  was  the  collection  and  evaluation  of  exist¬ 
ing  data  for  the  study  area.  To  this  end,  the  USGS  collected  hydrologic  and  geologic  data 
including  aquifer  depth,  thickness,  hydraulic  conductivity,  storage  coefficients,  and 
groundwater  usage  for  the  Coastal  Plain  aquifers  and  confining  layers.  The  original 
scope  of  the  USGS  study  included  drilling  three  test  wells  into  the  deep  downdip  parts  of 
the  Cretaceous  aquifers  (i.e.  the  Patuxent,  Patapsco,  Arundel,  and  Magothy 
Formations).  The  test  wells  were  desirable  in  order  to  obtain  a  more  accurate  descrip¬ 
tion  of  the  groundwater  system.  However,  funding  limitations  for  the  MWA  Water  Supply 
Study  precluded  the  test  well  drilling.  The  existing  data  were  considered  sufficient  for 
the  USGS  modelling  effort. 

The  data  collection  phase  was  the  required  input  to  the  second  phase  of  the  USGS 
modelling  study,  which  included  the  construction,  calibration,  and  testing  of  a  three- 
dimensional  flow  simulation  model  of  the  Coastal  Plain  aquifers.  This  phase  is  sum¬ 
marized  in  the  proceeding  sections.  Further  details  of  the  simulation  modelling  are  given 
in  Annex  F-l. 

MODEL  DESCRIPTION 

The  USGS  simulation  model  used  a  finite-difference  numerical  algorithm  to  solve  the 
groundwater  flow  equations  in  quasi  three  dimensions.  First,  groundwater  movement  was 
assumed  to  be  lateral  (in  two  dimensions)  within  the  aquifers,  as  expressed  by  a  two- 
dimensional  partial  differential  flow  equation.  In  addition,  leakage  from  overlying  and 
underlying  confining  formations  was  included  as  vertical  flow,  in  the  form  of  a  partial 
differential  flow  equation.  The  vertical  flow  analysis  was  further  simplified  by  assuming 
that  homogeneous  conditions  exist  and  that  the  head  (pressure)  distribution  in  the  con¬ 
fining  layer  is  bound  by  the  heads  of  the  adjacent  aquifers.  From  these  assumptions,  the 
leakage  relationship  is  reduced  to  a  proportionality  such  that  the  confining  layer  leakage 
is  directly  proportional  to  the  head  difference  in  the  adjacent  aquifers  and  confining 
layer  permeability,  and  is  inversely  proportional  to  the  thickness  of  the  confining  aquifer. 

The  resulting  combination  of  these  flow  equations  is  represented  by  the  following 
equation: 


T  o  A 

1  >.  w* 


ew. 


.  -up 


T  =  transmissivity  (L^t-1) 
h  =  potential  head  of  water  in  the  aquifer  (L) 
x,y  =  coordinates  in  two  dimensions  (L), 
t  =  time  (t) 

bottom  =  flux  (leakage)  out  of  bottom  of  aquifer  (LT-1) 
±  top  =  flux  into  top  of  aquifer  (LT-1) 
u  S  =  aquifer  storage  coefficient  (dimensionless) 

W  =  flux  in  the  vertical  direction,  either  recharge 
or  pumpage  (LT-1) 
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This  equation  was  then  solved  by  a  computer  program  using  the  finite-difference 
method.  Basically,  this  method  involves  the  substitution  of  finite-difference  approxima¬ 
tions  for  the  partial  derivates  in  the  flow  equation.  The  finite-difference  approximations 
were  based  on  subdividing  the  aquifer  study  area  into  a  grid  of  rectangular  blocks. 

Within  each  block,  the  aquifer  properties  were  assumed  to  be  uniform.  The  hydraulic 
head  at  the  center  of  the  block  (the  node)  was  assumed  to  be  the  average  head  within 
that  block  area.  For  the  Coastal  Plain  aquifers,  the  study  area  was  divided  into  a 
rectangular  grid  of  37  rows  and  27  columns  as  depicted  in  Figure  F-30.  The  major  aqui¬ 
fers  system  was  represented  by  five  layers  within  the  model.  With  the  finite-difference 
method,  time  is  represented  by  a  series  of  time  increments;  the  model  calculations  are 
then  made  for  each  discrete  time  interval. 

MODEL  ASSUMPTIONS 

After  establishing  the  mathematical  basis  for  the  physical  groundwater  system,  several 
system-specific  assumptions  were  formulated  to  tailor  the  model  hydraulics  to  the 
Coastal  Plain  system.  Under  ideal  circumstances,  actual  hydrologic  data  would  provide 
the  basis  for  the  model  adaptations;  however,  very  little  data  was  available  for  the 
Coastal  Plain  system.  Consequently,  several  of  the  system  assumptions  were  estimates 
at  best.  The  basic  model  assumptions  were: 

a.  The  pressure  head  in  the  top  layer  represented  water-table  conditions,  was 
constant  throughout  the  simulation,  and  provided  recharge  to  the  aquifer 
through  the  uppermost  confining  layer  at  a  rate  of  0.6  inches  per  year. 

b.  The  hydraulic  properties  of  the  aquifers  were  isotropic. 

c.  All  flow  within  the  aquifers  was  horizontal. 

d.  With  the  exception  of  the  recharge  areas,  all  model  boundaries  were  assumed  to 
be  no-flow  boundaries.  In  the  recharge  areas,  the  boundary  was  assumed  to  be 
constant-head  with  a  flux  of  0.1  to  0.3  inches  per  year  during  steady-state 
simulation. 

e.  Crystalline  basement  rock,  modeled  as  a  no-flow  boundary,  underlay  the 
Patuxent  aquifer. 

f.  The  Patuxent  and  Patapsco  Formations  were  each  treated  as  single  aquifers 
within  the  groundwater  system.  Without  further  hydrologic  data,  the  numerous 
sand  layers  within  each  aquifer  could  not  be  further  distinguished. 

g.  Flow  through  the  confining  beds  was  vertical  and  represented  leakage  between 
the  aquifers.  Under  steady-state  conditions,  this  flow  was  downward  for  the 
study  area. 

MODEL  CALIBRATION 

The  calibration  of  the  Coastal  Plain  aquifer  model  was  based  on  steady-state 
simulations.  Normally,  groundwater  models  are  calibrated  by  simulating  the  known 
history  of  pumping,  and  then  comparing  the  calculated  heads  to  actual  field 
measurements.  However,  this  approach  could  not  be  used  because  of  the  lack  of  pumping 
from  the  Cretaceous  aquifers  (Patuxent,  Patapsco  and  Magothy)  within  the  study  area. 
Therefore,  steady -state  calibration  was  selected. 
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To  perform  the  calibration,  pre-pumping  head  distributions  were  estimated  from  the 
available  hydrologic  data.  Then,  steady-state  simulations  were  generated  using  approp¬ 
riate  values  for  the  conductivity  and  transmissivity  coefficients,  and  the  associated  pre¬ 
pumping  heads  were  calculated.  These  computed  head  distributions  were  compared  to 
the  earlier  estimated  field  distributions.  The  vertical  hydraulic  conductivity  and 
transmissivity  values  were  adjusted  until  the  calculation  vs.  field  comparison  was 
favorable,  and  the  calibration  completed. 

The  best-match  transmissivity  distributions  for  the  steady-state  simulation  are  indicated 
in  Figures  F-31  through  F-34.  These  values  vary  by  aquifer  and  within  the  aquifer  as 
noted  in  the  diagrams.  Generally,  the  adjusted  values  varied  only  slightly  from  the  initial 
estimates  of  transmissivity. 

In  the  model  calculations,  the  ratio  of  the  vertical  hydraulic  conductivity  to  the  confin¬ 
ing  layer  thickness  was  a  key  parameter.  For  the  confining  layer  overlying  the  Aquia, 
this  value  ranged  from  1.5  x  10“5  to  1.5  x  10“®;  for  the  Magpthy  the  range  was  1  x  10“^ 
to  1  x  10°;  for  the  Patapsco,  it  was  1.2  x  10“7to  1.2  x  10"®;  and  for  the  Patuxent,  it  was 
1  x  10“6  to  1  x  10“7. 

The  specific  storage  for  the  confining  layers  was  3  x  10“6  per  foot.  The  storage 
coefficients  for  the  four  confined  aquifers  were  set  at  1  x  10.  This  relatively  high 
value  was  due  to  the  high  percentage  of  silt  and  clay,  especially  in  the  Patapsco  and 
Patuxent  Formations.  These  calibrated  values  formed  the  final  link  in  the  development 
of  the  aquifer  model. 

The  accuracy  of  the  model  calibration  depended  primarily  on  the  accuracy  of  the 
estimated  existing  pre-pumping  head  distribution.  Since  the  pre-pumping  distribution 
was  based  on  only  a  small  number  of  observations,  the  accuracy  of  the  calibration  was 
not  fully  substantiated.  Nevertheless,  the  USGS  steady-state  model  was  considered  to 
approximately  simulate  the  Coastal  Plain  aquifer  system. 

MODEL  APPLICATIONS 

After  the  model  calibration  was  completed,  the  model  was  used  to  simulate  pumping 
from  the  Magothy,  Patapsco,  and  Patuxent  aquifers,  individually  and  in  combinations. 

The  resultant  drawdowns  in  these  three  aquifers  and  in  the  overlying  Aquia  aquifer  were 
estimated  and  used  to  formulate  groundwater  supply  schemes  for  the  MWA  Water  Supply 
Study. 

Fourteen  tentative  sites  in  the  study  area  were  initially  selected  and  tested  preliminarily 
for  groundwater  development.  From  this  group  of  14  locations,  four  locations  were 
chosen  for  detailed  model  and  cost  analysis.  The  four  sites  were  selected  with  respect  to 
the  location  of  present  pumping,  so  that  interference  effects  with  those  wells  would  be 
minimized.  In  addition,  the  sites  were  selected  such  that  the  four  major  counties  were 
each  represented.  The  proposed  sites  are  located  in  southeastern  Prince  Georges  County, 
eastern  Charles  County,  southern  Anne  Arundel  County,  and  northern  Calvert  County  as 
shown  in  Figure  F-35.  Aquifer  cross-sections  for  each  site  are  shown  in  Figures  F-36 
through  F-39.  Although  each  site  was  specified  to  a  2.4  square-mile  block,  the  results  of 
the  model  simulation  would  apply  to  sites  within  a  few  miles  of  the  selected  site. 


STRIBUTION  IN  THE  TRANSMISSIVITY  DISTRIBUTION  IN  THE 


FIGURE  F-35 


LOCATION  OF  THE  FOUR  GROUNDWATER 
DEVELOPMENT  SITES 


For  planning  purposes,  the  model  simulation  tested  a  two-year  drought  sequence.  During 
this  time,  the  aquifers  were  pumped  for  five  months  from  July  through  November,  then 
not  utilized  until  the  following  July,  at  which  time  they  were  pumped  for  five  more 
months. 

Each  site  was  individually  simulated  (interference  effects  from  other  sites  were  not 
investigated)  for  a  10  mgd  withdrawal  from  a  single  12-inch  diameter  well,  fully  screened 
for  the  appropriate  aquifer.  Then,  by  using  the  principle  of  superposition,  the  maximum 
pumping  rate  for  each  node  was  calculated.  The  maximum  pumping  rate  was  defined  as 
that  withdrawal  which  caused  the  head  in  the  well  node  to  be  drawn  down  to  the  top  of 
the  aquifer.  Further  drawdown  would  "dewater"  the  aquifer  and  stress  the  aquifer's 
recovery  capacity.  Then  using  this  maximum  rate,  further  simulations  were  performed 
to  determine  average  drawdown  in  the  adjacent  nodes.  The  actual  head  distribution 
within  the  node  would  vary  depending  on  the  number  and  distribution  pattern  of  the 
wells,  the  well  diameter,  the  amount  of  the  aquifer  screened,  and  the  transmissivity 
distribution.  Within  the  vicinity  of  the  well,  the  head  gradient  would  be  extremely  steep. 

A  summary  of  the  modelling  results  is  presented  in  Table  F-28.  As  noted  in  the  table, 
the  Magothy  aquifer  was  not  included  in  the  Site  4  analysis  since  it  was  not  a  significant 
formation  at  that  site. 

MODELLING  CONCLUSIONS 


The  groundwater  simulations  revealed  several  relationships.  Pumping  the  Magothy  aqui¬ 
fer  at  any  of  the  three  available  sites  produces  much  smaller  drawdowns  than  the  same 
pumpage  from  either  the  Patapsco  or  the  Patuxent  aquifers  as  indicated  in  Table  F-28. 
However,  pumping  the  Magothy  aquifer  also  results  in  the  greatest  drawdown  of  the 
overlying  Aquia  aquifer  by  a  large  margin.  The  model  indicated  that  the  recovering  time 
of  the  Aquia  aquifer  in  the  vicinity  of  the  well  would  be  three  to  six  months  as  shown  in 
Figure  F-40  for  Site  1.  Similar  curves  would  apply  for  the  other  three  sites. 

Of  the  four  sites,  Site  1  shows  the  greatest  potential  for  groundwater  development  from 
a  supply  point  of  view,  followed  in  order  by  Site  2,  Site  3,  and  Site  4.  Sites  1,  2,  and  3 
should  be  able  to  produce  50  to  60  mgd,  individually  with  proper  design  and  manage¬ 
ment.  However,  Site  4  is  limited  in  its  potential  yield.  Groundwater  development  at 
that  site  should  be  restricted  to  20  to  30  mgd  total.  From  the  entire  Coastal  Plain 
aquifer  system,  a  total  yield  of  100  mgd  is  considered  a  safe  limit.  Due  to  the  large 
drawdowns  with  using  only  one  aquifer,  multi-aquifer  screening  was  recommended. 

FORMULATION  AND  DESIGN  OF  GROUNDWATER  ALTERNATIVES 

INTRODUCTION 

For  the  groundwater  development  alternative  for  the  MWA  Water  Supply  Study,  a  supply 
scheme  was  developed  to  evaluate  the  Coastal  Plain  groundwater  source's  potential  for 
supply  to  the  MWA.  This  scheme,  while  somewhat  specific  in  design,  was  representative 
of  typical  potential  projects. 


TABLE  F-28 


SUMMARY  OF  GROUNDWATER  MODELLING 


Depth  to  Pre-pumping  Unit  Unit  Average 

Bottom  of  Head  Above  Top  Drawdown  Drawdown  in 
Aquifer  of  Aquifer*  at  Well  **  Aquia 


Location 

Pumped  Aquifers 

(Feet) 

(Feet) 

(Feet/mgd) 

(Feet/mgd) 

Site  1 

Magothy 

450 

340 

30.9 

1.82 

Patapsco 

725 

570 

71.2 

0.38 

Patuxent 

1200 

1000 

130.0 

0.00 

Magothy,  Patapsco 

725 

340 

21.2 

1.25 

Magothy,  Patapsco, 
Patuxent 

1200 

340 

18.9 

0.83 

Patapsco,  Patuxent 

1200 

570 

43.8 

0.23 

Site  2 

Magothy 

650 

500 

50.5 

3.00 

Patapsco 

850 

640 

71.7 

0.22 

Patuxent 

1520 

1320 

132.0 

0.00 

Magothy,  Patapsco 

850 

500 

29.7 

1.59 

Magothy,  Patapsco, 
Patuxent 

1520 

500 

24.0 

1.05 

Patapsco,  Patuxent 

1520 

640 

49.6 

0.08 

Site  3 

Magothy 

440 

390 

43.3 

1.00 

Patapsco 

660 

490 

98.0 

0.20 

Patuxent 

1300 

1040 

173.3 

0.00 

Magothy,  Patapsco 

660 

390 

39.0 

0.60 

Magothy,  Patapsco, 
Patuxent 

1300 

390 

30.0 

0.46 

Patapsco,  Patuxent 

1300 

490 

61.2 

0.12 

Site  4 

Magothy  (not  present  at 
Patapsco 

this  site) 

825 

470 

72.9 

0.29 

Patuxent 

1350 

1100 

222.0 

0.00 

Patapsco,  Patuxent 

1350 

470 

52.2 

0.11 

*  This  value  indicates  the  maximum  drawdown  at  well  before  "dewatering"  of  aquifer  would 
occur. 

**  This  value  represents  the  drawdown  for  a  1  mgd  withdrawal,  without  taking  into  account 
any  interference  effects  from  other  wells. 

Source:  Digital  Simulation  of  Groundwater  Flow  in  Part  of  Southern  Maryland.  USGS,  1982; 

written  communication,  Bill  Fleck,  USGS,  1981. 


DRAWDOWN.  IN  FEET 


FIGURE  F-40 

WATER  LEVEL  RECOVERY  OF  THE  AQUIA 
AQUIFER,  SITE  I 


EXPLANATION 


Predicted  drawdown  in  the  Aquia  aquifer  after 
pumping  ceased  for  model  simulation  in  which 
the  Magothy  aquifer,  only,  was  pumped  for  5 
months,  not  for  7  months,  and  pumped  again 
for  another  5  months. 

Pumpage  rate  =  11  million  gallons  per  day 


60  80  100  120  140 

DAYS  AFTER  PUMPING  CEASED 


The  general  groundwater  scheme  consisted  of  development  of  a  wellfield  at  one  or  more 
of  the  four  selected  sites,  pumping  the  groundwater  to  a  water  treatment  plant  near 
Upper  Marlboro  in  Prince  Georges  County,  Maryland,  and  then  final  transmission  of  the 
treated  water  to  the  WSSC  system  via  their  finished  water  interconnection  near  Largo, 
Maryland.  A  schematic  of  the  proposed  groundwater  scheme  is  drawn  in  Figure  F-41. 

The  groundwater  scheme  was  sized  for  yields  of  25,  50,  and  100  mgd  total.  The  assump¬ 
tion  was  made  that  this  water,  up  to  100  mgd,  would  replace  other  WSSC  supplies  in  the 
central  and  southern  Prince  Georges  County  areas.  An  evaluation  of  the  costs  and  im¬ 
pacts  of  the  various  alternatives  associated  with  this  scheme  follows  in  the  next  section. 

METHODOLOGY  OF  DISAGGREGATION  INTO  COMPONENTS 

Since  there  were  four  wellfield  sites  and  several  possible  size  combinations  to  choose 
from,  the  groundwater  scheme  was  broken  down  into  four  major  components  for  detailed 
analysis.  These  components  were: 

a.  wellfields  for  four  sites, 

b.  transmission  mains  in  a  conveyance  network, 

c.  pumping  stations  in  the  network,  and 

d.  water  treatment  facilities. 

The  components  were  individually  designed  for  a  range  of  sizes  with  basic  common  design 
parameters,  and  then  the  appropriately  sized  facilities  were  amassed  to  form  each 
groundwater  alternative  for  further  evaluation.  Within  the  array  of  alternatives  for  each 
supply  level  (i.e.  50  mgd),  there  would  be  an  alternative  for  Site  1  development,  an  alter¬ 
native  for  Site  2  development,  and  for  the  remaining  combinations.  The  design  and  cost 
evaluation  for  each  individual  component  is  detailed  in  the  next  several  sections.  This  is 
followed  by  a  further  evaluation  of  the  alternatives  as  a  sum  of  their  facility 
components. 

MAPS  PROGRAM  AND  ASSUMPTIONS 

The  costs  for  the  various  components  were  estimated  using  the  Methodology  for  Area¬ 
wide  Planning  Studies  (MAPS)  computer  program.  The  MAPS  program  was  developed  by 
the  U.S.  Army  Corps  of  Engineers'  Waterways  Experiment  Station.  It  is  a  generalized 
planning  tool  for  evaluating  water  resource  alternatives.  As  such,  it  provides  preliminary 
design  and  cost  estimates  for  comparison  purposes.  These  costs  should  not  be  utilized  as 
future  project  estimates,  because  they  do  not  reflect  detailed  project  planning  and  site- 
specific  design  considerations. 

The  costs  in  the  MAPS  program  account  for  many  of  the  independent  variables  that 
normally  impact  on  costs.  Consequently,  the  results  are  usually  more  accurate  than 
generalized  cost  curves  available  in  literature,  which  are  a  function  of  only  one  or  two 
variables.  The  MAPS  program  takes  user-specified,  engineering  design  data  and  applies 
several  cost  functions  to  determine  various  construction  costs  and  operation  and 
maintenance  costs.  Itemized  construction,  total  construction,  overhead,  land,  total 
capital,  amortized  capital,  operation  and  maintenance,  labor,  material  and  supply,  power, 
total  operation  and  maintenance,  and  average  annual  costs  are  provided  by  the  program. 


FIGURE  F-4 | 


SCHEMATIC  OF  PROPOSED  GROUNDWATER 
SCHEME 


All  costs  are  calculated  by  the  program  except  for  the  land  cost  which  is  input  directly 
by  the  user.  The  costs  are  based  on  a  set  of  economic  data  (user -specified)  which  for  this 
study  reflect  October  1981  economic  conditions. 

The  economic  data  assumed  for  this  study  included  an  Engineering-News  Record  (ENR) 
Construction  Cost  Index  of  3672  and  a  Small  City  Conventional  Treatment  (SCCT)  Index 
of  200.  The  SCCT  index  reflects  municipal  wastewater  treatment  facility  costs  for  50- 
mgd  plants  at  various  locations  in  the  United  States.  For  the  MWA  Water  Supply  Study, 
indices  for  Baltimore,  Maryland,  Philadelphia,  Pennsylvania,  and  the  entire  United  States 
were  considered  to  yield  the  value  of  200.  In  addition  to  these  two  indices,  a  power  cost 
of  4.0  cents  per  kilowatt-hour  was  assumed.  This  value  reflects  the  cost  of  electricity 
for  commercial  properties  serviced  by  the  Virginia  Electric  Power  Company  (VEPCO). 

For  the  amortization  calculations,  the  Federal  water  supply  interest  rate  of  7.625  per¬ 
cent  was  assumed.  A  50-year  payback  period  was  assumed  for  all  amortizations. 

All  of  the  above  numbers  reflect  October  1981  values.  This  economic  base  was  constant 
throughout  the  evaluation  of  components  in  order  to  provide  a  reasonable  comparison  of 
the  groundwater  alternatives  to  the  other  MWA  water  supply  alternatives. 

WELLFIELD  COMPONENT 

Each  of  the  four  groundwater  sites  studied  earlier  were  individually  evaluated  for  poten¬ 
tial  wellfieid  development  for  25  and  50  mgd  capacity.  These  wellfields  were  eventually 
combined  to  form  25,  50,  or  100-mgd  systems  for  the  MWA.  A  description  of  the  major 
design  considerations  follows. 

Since  single  aquifer  screening  produced  large  drawdowns,  multi-aquifer  screening  had 
been  recommended  as  being  yield-efficient;  therefore,  only  multi-aquifer  screening  was 
considered  in  this  analysis.  For  three  of  the  sites,  two  types  of  multi-aquifer  well 
screenings  were  investigated.  For  Sites  1,  2,  and  3,  well  screening  for  the  Magothy, 
Patapsco,  and  Patuxent  Formations  and  for  just  the  Patapsco  and  the  Patuxent 
Formations  were  the  two  options  for  withdrawals.  At  Site  4,  since  the  Magothy  aquifer 
was  insignificant  at  this  location,  only  the  Patapsco  and  Patuxent  combination  was  inves¬ 
tigated.  The  selection  of  which  aquifers  to  screen  had  an  important  bearing  on  the 
wellfieid  costs  and  associated  drawdowns  in  the  overlying  Aquia  aquifer,  as  will  be  shown 
later. 

The  wellfieid  was  laid  out  in  a  radial  design  with  several  circles  of  wells  feeding  into  a 
central  collection  point.  From  there,  a  large  force  main  would  convey  the  water  to  the 
treatment  facilities.  For  the  25-mgd  wellfieid,  25  wells  of  1  mgd  capacity  were  arranged 
in  two  concentric  circles  of  10  and  15  wells  with  radii  of  1600  and  2500  feet,  respec¬ 
tively,  as  diagrammed  in  Figure  F-42.  The  average  radius  of  the  25-well  system  was 
2100  feet  (0.40  miles);  this  value  was  used  to  calculate  the  costs  of  connecting  pipe¬ 
lines.  The  wellfieid  encompassed  an  area  of  0.70  square  miles  (440  acres).  Similarly,  for 
the  50  mgd  wellfieid,  50  wells  of  1  mgd  capacity  were  laid  out  in  three  circles  with  radii 
of  1600,  2500,  and  4000  feet,  as  diagrammed  in  Figure  F-43.  The  area  and  average  radius 
of  the  wellfieid  were  1.8  square  miles  (1150  acres)  and  0.57  miles  (3050  feet), 
respectively. 


FIGURE  F-42 

DIAGRAM  OF  25-MGD  WELLF I  ELD 


FIGURE  F-43 

DIAGRAM  OF  50-MGD  WELLFIELD 


For  all  of  the  systems,  12-inch  diameter  wells  were  specified.  Vertical  turbine  pumps 
with  an  efficiency  of  80  percent  were  assumed  to  provide  the  requisite  pressure  head  out 
of  the  wells.  Test  wells  were  included  in  the  cost  analysis.  Drilling  costs  of  the  wells 
reflected  the  unconsolidated  sediments  of  the  Coastal  Plain  region.  Land  needs  for  the 
wellfield  site  included  an  additional  10  percent  for  facilities  and  a  protective  buffer 
zone.  Land  costs  were  estimated  at  $4000  per  acre  for  the  mainly  rural  sites. 

The  wells  were  drilled  to  the  bottom  of  the  Patuxent  aquifer.  For  Site  1,  the  well  depth 
was  1200  feet;  for  Site  2,  it  was  1520  feet;  for  Site  3,  it  was  1300  feet;  and  for  Site  4, 
the  depth  was  1350  feet.  The  groundwater  depths  from  these  sites  ranged  from  20  to  70 
feet,  as'  noted  earlier  in  Figures  F-31  through  F-34.  The  average  well  drawdown  was  also 
an  important  design  consideration.  This  value  was  determined  for  each  site  and  for  the 
two  types  of  screening.  The  value  was  calculated  for  one  well  by  taking  the  drawdown  at 
the  well  for  1  mgd  and  then  adding  all  of  the  interference  effects  for  the  remaining  24  or 
49  wells.  Depending  on  the  location  of  the  well,  the  drawdown  varied.  Generally,  wells 
in  the  inner  circle  experienced  the  greatest  drawdown  impacts.  The  average  drawdown 
for  all  25  or  all  50  wells  was  then  considered  in  the  design  analysis.  These  values  appear 
in  Tables  F-29  and  F-30.  Drawdown  calculations  for  a  50-mgd  wellfield  at  Site  4 
confirmed  the  earlier  conclusion  that  this  site  could  not  support  more  than  30  mgd  of 
withdrawal.  The  50-mgd  wellfield  produced  drawdowns  exceeding  550  feet;  drawdowns 
of  510  feet  or  more  would  dewater  the  Patapsco  aquifer  at  Site  4. 

Using  the  design  data  detailed  above,  the  MAPS  program  calculated  capital  and  annual 
costs  for  each  of  the  wellfield  sites.  The  resulting  capital  and  operation  and 
maintenance  (O&M)  costs  are  tabulated  in  Tables  F-29  and  F-30  for  the  25-mgd  and  the 
50-mgd  wellfields,  respectively. 

These  costs  indicate  that  there  is  little  difference  (4  to  8  percent)  between  the  types  of 
screening  in  terms  of  capital  costs.  However,  from  an  operation  point  of  view,  screening 
for  the  Magothy  aquifer  reduced  costs  significantly.  Accompanying  this  cost  savings  was 
a  manyfold  increase  in  drawdowns  in  the  top  aquifer  (the  Aquia).  This  is  due  to  the 
effective  interconnection  of  groundwater  flow  between  the  Magothy  and  the  Aquia 
aquifers.  Drawdowns  in  the  Aquia  aquifer  at  the  wellfield  site  averaged  12  to  26  feet  for 
the  25-mgd  scheme,  and  23  to  52  feet  for  the  larger  50-mgd  scheme.  Although  the 
drawdown  at  the  fringe  of  the  wellfield  sites,  where  local  wells  could  be  located,  would 
be  less  than  these  estimated  values,  the  severity  of  these  drawdowns  indicates  a 
significant  potential  for  detrimental  impacts  on  the  local  water  supply.  Therefore,  in 
later  evaluations,  the  multi-aquifer  screening  for  the  Magothy,  Patapsco,  and  Patuxent 
Formations  was  not  considered. 

TRANSMISSION  MAIN  COMPONENT 

The  network  of  transmission  mains  was  the  next  component  evaluated.  The  network  of 
mains  was  divided  into  pipe  segments  based  on  the  location  of  junctions.  The  various 
segments  and  the  direction  of  flow  in  them  are  identified  in  Figure  F-44.  Pipe  routes 
were  chosen  so  as  to  follow  existing  transportation  routes  as  much  as  possible. 
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TABLE  F-29 


25-MGD  WELLFIELD  SUMMARY* 
Aquifer  Screening 


< 

Magothy/Patapsco/Patuxent  Patapsco/Patuxent  j 

Site  1 


Capital  Cost 

$4,630,000 

$4,840,000 
$173, 000/year 

O&M  Cost 

$  103,000/year 

Drawdown  in  Aquia  at  site 

21  feet 

6  feet 

Average  Well  Drawdown 

95  feet 

210  feet 

Site  2 

Capital  Cost 

$4,840,000 

$5,060,000 
$2 17,000/year 

0<5cM  Cost 

$  136,000/year 

Drawdown  in  Aquia  at  site 

26  feet 

2  feet 

Average  Well  Drawdown 

110  feet 

250  feet 

Site  3 

* 

Capital  Cost 

$4,650,000 

$4,960,000 
$204, 000/year 

0<5cM  Cost 

$  100,000/year 

Drawdown  in  Aquia  at  site 

12  feet 

3  feet 

Average  Well  Drawdown 

100  feet 

270  feet 

Site  4 

Capital  Cost 

Magothy  Aquifer 

$5,140,000 
$272, 000/year 

O&M  Cost 

Not  at  Site 

Drawdown  in  Aquia  at  site 

3  feet 

Average  Well  Drawdown 

350  feet 

*  Costs  are  based  on  October  1981  values,  and  operation  during  five  months  of  the  year 


TABLE  F-30 


50-MGD  WELLFIELD  SUMMARY* 
Aquifer  Screening 


Magothy/Patapsco/Patuxent 

Patapsco/Patuxent 

C< 

Di 

Site  1 

Capital  Cost 

$11,300,000 

$11,980,000 
$507, 000/year 

6.( 

O&M  Cost 

$286, 000/year 

77.‘ 

Drawdown  in  Aquia  at  site 

42  feet 

12  feet 

Average  Well  Drawdown 

150  feet 

340  feet 

Site  2 

Capital  Cost 

$11,700,000 

$12,300,000 
$595, 000/year 

5. 

O&M  Cost 

$354, 000/year 

68. ( 

Drawdown  in  Aquia  at  Site 

52  feet 

4  feet 

Average  Well  Drawdown 

170  feet 

380  feet 

Site  3 

Capital  Cost 

$11,300,000 

$12,200,000 
$608, 000/year 

8,( 

O&M  Cost 

$ 258,000/year 

131 

Drawdown  in  Aquia  at  Site 

23  feet 

6  feet 

Average  Well  Drawdown 

140  feet 

430  feet 

Site  4 

Capital  Cost 

Yield  Not  Available 

Yield  Not  Available 

O&M  Cost 

At  Site 

At  Site 

Drawdown  in  Aquia  at  Site 
Average  Well  Drawdown 


Costs  were  based  on  October  1981  values,  and  operation  during  five  months  of  the  year 


FIGURE  F-44 


DIAGRAM  OF  THE  CONVEYANCE  NETWORK 


For  the  cost  analysis,  all  pipes  were  considered  as  force  mains,  that  is,  they  were  desig¬ 
nated  to  flow  full.  Prestressed  concrete  cyclinder  pipe  was  selected  for  the  pipe 
material,  this  was  consistent  with  raw  and  finished  water  interconnections  of  this  size  in 
the  MWA.  The  pipes  were  assumed  to  be  laid  under  dry  soil  conditions  with  no  rock 
excavation  required.  The  pipe  would  be  laid  in  a  rectangular  trench  with  a  depth  of  3 
feet  greater  and  a  width  of  1.5  feet  greater  than  the  pipe  diameter.  No  concrete  cradle 
was  assumed. 

There  were  several  characteristics  unique  to  each  pipe  segment.  These  identifying  data 
are  listed  in  Table  F-31.  They  include  the  length  of  the  pipe,  the  initial  elevation,  the 
peak  elevation,  and  the  final  elevation  of  the  pipe's  route.  These  values  were  ascertained 
from  the  appropriate  USGS  topographic  maps.  In  addition,  the  number  and  type  of  pipe 
appurtenances  were  estimated  from  the  physical  layout  of  the  route.  The  possible 
appurtenances  included  gate  valves,  standard  elbows,  medium  elbows,  and  long  sweep 
elbows.  The  percent  of  terrain-type  along  the  pipe  route  was  also  estimated  for  the  cost 
program.  The  last  identifying  item  was  the  cost  of  right-of-way  for  each  pipe.  This 
value  was  calculated  from  the  pipe  length  and  a  $10  per  linear  foot  estimate  of  right-of- 
way  costs  in  the  outlying  areas  of  the  MWA,  where  these  pipes  would  generally  be  lo¬ 
cated.  For  Pipe  F,  the  segment  which  connects  into  the  WSSC  system,  a  final  pressure 
head  of  320  feet  was  assumed.  This  approximated  the  system  pressure  at  the  point  of 
entry. 

The  pipe  assumptions  and  identifying  data  were  input  to  the  MAPS  program  for  four 
levels  of  flow  (25,  50,  75,  and  100  mgd  average  flow;  peak  flow  was  two  times  the 
average  flow)  as  appropriate.  The  program  determined  the  capital  and  operation  and 
maintenance  costs,  and  the  velocity  and  the  head  requirements  at  average  and  peak  flows 
for  a  range  of  pipe  diameters.  The  costs  included  overhead  (engineering  design,  admin¬ 
istration,  and  sipervision),  materials,  excavation,  laying  the  pipe,  backfill,  valves,  and 
elbows.  The  pipe  velocity  associated  with  varying  levels  of  flow  had  a  direct  bearing  on 
the  size  selection.  Since  the  transmission  mains  in  the  network  generally  carry  high 
quality  water,  the  major  velocity  constraint  is  the  upper  limit  where  excessive  velocity 
could  cause  erosion  of  pipe  material  or  high  pressure  differentials  (i.e.  water  hammer). 

The  maximum  velocity  is  somewhere  between  10  and  20  feet  per  second  (fps)  for  typical 

pipe  materials,  but  design  velocities  are  commonly  on  the  order  of  it  to  6  fps.  For  this  ; 

study,  the  pipe  diameters  were  selected  such  that  the  average  velocity  was  about  3.0  fps 

and  the  peak  velocity  was  about  6.0  fps.  The  selection  of  pipe  diameter  also  considered  1 

the  trade-off  between  larger  pipes  with  lower  head  requirements  versus  smaller  pipes 

with  greater  head  requirements,  and  attempted  to  determine  the  most  cost-efficient 

combination  of  pipes  and  pumping  stations  (whose  costs  are  highly  head-dependent).  The 

3.0/6 .0  velocity  criterion  reflects  this  economic  consideration. 

The  selected  pipe  and  its  resultant  costs  and  head  requirements  are  summarized  for  each 
pipe  segment  in  Table  F-32. 

PUMPING  STATION  COMPONENT 

Pumping  stations  would  be  required  to  convey  the  groundwater  supply  to  the  MWA  • 

system.  For  the  proposed  groundwater  scheme,  at  least  two  pumping  stations  would  be 
required,  one  at  a  wellfield,  and  one  at  the  water  treatment  facility.  For  schemes 
involving  a  combination  of  wellfields,  additional  pumping  stations  would  be  needed. 
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TABLE  F-31 


PIPELINE  DESCRIPTION 


Variable 

Pipe  A 

Pipe  B 

Pipe  C 

Pipe  D 

Pipe  F 

Length,  feet 

35,000 

51,000 

60,000 

105,000 

53,000 

Initial  Elevation,  feet  msl 

SO 

90 

60 

90 

40 

40 

Final  Elevation,  feet  msl 

40 

40 

40 

60 

40 

140 

Peak  Elevation,  feet  msl 

170 

160 

240 

210 

150 

200 

Peak  Station,  feet 

8,000 

39,000 

32,000 

57,000 

7,000 

44,000 

Final  Pressure,  feet 

0 

0 

0 

0 

0 

320 

Number  of  Appurtenances 

Gate  Valves 

1 

1 

3 

6 

0 

2 

Standard  Elbows 

2 

0 

4 

9 

0 

2 

Long  Elbows 

5 

2 

9 

12 

2 

7 

Medium  Elbows 

4 

2 

S 

11 

0 

5 

Cost  of  Right-of-Way,  $ 

350,000 

510,000 

600,000 

1,050,000 

120,000 

530,000 

Terrain  Distribution,  Percent 

Commercial 

0 

0 

0 

0 

0 

10 

Dense  Residential 

0 

0 

10 

0 

0 

30 

Sparse  Residential 

50 

50 

40 

50 

50 

40 

Open  Country 

50 

50 

50 

50 

50 

20 

TABLE  F-32 


PIPELINE  SUMMARY* 

Average  Flow,  Mgd 


I 


25 

50 

75 

100 

Pipe  A  -  Site  1  to  1-2  Intersection 

Capital  Cost,  $ 

$6,060,000 

$10,600,000 

- 

- 

O&M  Cost,  $/Year 

10,900 

18,200 

- 

- 

Pipe  Size,  Inches 

48 

66 

- 

- 

Head  Required,  Peak  Flow,  Feet 

112 

107 

- 

- 

Head  Required,  Average  Flow,  Feet 

0 

0 

- 

- 

Pipe  B  -  Site  2  to  1-2  Intersection 

Capital  Cost,  $ 

8,730,000 

15,200,000 

- 

- 

0<5cM  Cost,  $/Year 

15,600 

26,100 

- 

- 

Pipe  Size,  Inches 

48 

66 

- 

- 

Head  Required,  Peak  Flow,  Feet 

175 

150 

- 

- 

Head  Required,  Average  Flow,  Feet 

0 

0 

- 

- 

Pipe  C  -  Site  3  to  WTP 

Capital  Cost,  $ 

10,700,000 

18,700,000 

29,100,000 

- 

O&M  Cost,  $/Year 

19,100 

32,000 

48,600 

_ 

Pipe  Size,  Inches 

48 

66 

84 

- 

Head  Required,  Peak  Flow,  Feet 

270 

250 

226 

- 

Head  Required,  Average  Flow,  Feet 

23 

14 

2 

- 

Pipe  D  -  Site  4  to  Site  3 

Capital  Cost,  $ 

18,300,000 

- 

- 

- 

O&M  Cost,  $/Year 

32,700 

- 

- 

- 

Pipe  Size,  Inches 

48 

- 

- 

- 

Head  Required,  Peak  Flow,  Feet 

280 

- 

- 

• 

Head  Required,  Average  Flow,  Feet 

45 

- 

- 

- 

Pipe  E  -  1-2  Intersection  to  WTP 

Capital  Cost,  $ 

2,440,000 

3,970,000 

5,970,000 

7,560,000 

O&M  Cost,  $/Year 

4,400 

6,800 

10,000 

12,500 

Pipe  Size,  Inches 

48 

66 

84 

96 

Head  Required,  Peak  Flow,  Feet 

129 

125 

119 

118 

Head  Required,  Average  Flow,  Feet 

8 

6 

4 

4 

Pipe  F  -  WTP  to  WSSC  System 

Capital  Cost,  $ 

10,800,000 

19,000,000 

- 

38,200,000 

O&M  Cost,  $/Year 

19,400 

32,600 

- 

63,100 

Pipe  Size,  Inches 

48 

66 

* 

96 

Head  Required,  Peak  Flow,  Feet 

567 

534 

- 

487 

Head  Required,  Average  Flow,  Feet 

458 

449 

- 

437 

*  The  specific  pipe  segment  was  sized  for  flows  as  needed  for  the  final  evaluation;  therefore, 
all  flow  levels  were  not  investigated  for  each  segment.  Costs  represent  October  1981  values. 


For  the  component  analysis,  pumping  stations  were  designed  and  sized  for  each  wellfield 
site  and  for  the  water  treatment  plant.  For  Sites  1,  2,  and  3,  pumping  stations  with  25 
and  50-mgd  capacity  were  designed.  Site  4  was  only  considered  for  a  25-mgd  station. 

The  pumping  station  at  the  water  treatment  plant  (WTP)  was  sized  for  25,  50,  and  100- 
mgd  capacity. 

For  each  pumping  station,  the  requisite  design  heads,  peak  and  average,  were  obtained 
from  the  transmission  main  analysis.  For  the  Site  1  and  Site  2  stations,  two  pipe  seg¬ 
ments  were  involved,  so  the  appropriate  pipe  heads  were  combined  to  estimate  the  total 
head  requirement.  The  design  head  pressures  are  listed  in  Table  F-33.  For  each  station, 
the  design  provided  a  minimum  of  two  pumps  -  one  to  be  used  as  a  backup.  The 
efficiency  of  the  pumps  was  set  at  80  percent.  The  pumping  station  was  considered 
operational  for  five  months  during  the  year  (downtime  equal  to  seven  months).  Land  for 
the  pumping  stations  was  assumed  to  be  available  at  the  facility  -  the  wellfield  or  the 
treatment  plant.  Therefore,  no  cost  for  land  was  included.  A  wet  well  was  provided  at 
the  WTP  pumping  station. 

Using  these  design  considerations,  the  station  costs  were  evaluated  by  the  MAPS 
computer  program,  and  are  tabulated  in  Table  F-33. 

WATER  TREATMENT  COMPONENT 

The  groundwater  supply  in  the  study  area  would  most  likely  require  some  treatment  prior 
to  use  in  the  MW  A  system,  although  the  water  quality  data  indicated  that  the  Coastal 
Plain  aquifers  are  of  high  quality.  To  estimate  the  costs  of  a  treatment  plant  for  ground- 
water  supply  alternatives,  a  similar  neighboring  facility  was  chosen  as  a  design  example. 

The  closest,  large  plant  treating  groundwater  is  located  in  Indian  Head,  Maryland,  in 
Charles  County,  and  is  fed  by  wells  in  the  Patapsco  aquifer.  The  basic  processes  included 
in  this  plant  are  pre-aeration,  prechlorination,  filtration,  iron  removal,  and  disinfection. 
To  cost  a  similar  treatment  plant  via  MAPS  analysis,  the  major  treatment  processes  of 
chlorination  and  filtration  were  highlighted. 

For  the  groundwater  scheme,  the  cost  analysis  of  the  chlorination  treatment  assumed 
cylinder  storage  of  the  chlorine  gas  and  a  dosage  of  50  lbs  of  chlorine  per  1  million 
gallons  of  water.  This  treatment  dosage  is  equivalent  to  6.0  mg/1  which  should  be  more 
than  sufficient  to  destroy  all  bacteria  and  leave  an  adequate  residual.  For  the  filtration 
process,  the  selected  design  consisted  of  a  rapid  sand  filter.  The  filter  was  designed  as  a 
gravity-type  filter  with  a  loading  rate  of  5  gpm  per  square  foot  and  a  backwash  pumping 
rate  of  5,000  gpm.  Surface  washes  and  filter  backwashes  were  assumed  to  occur  twice  a 
day.  The  land  cost  for  the  treatment  plant  was  set  at  $10,000,  which  allowed  for  the 
purchase  of  2.5  acres.  Using  these  design  specifications,  the  capital  and  operation  and 
maintenance  costs  were  generated  by  MAPS.  The  estimated  costs  are  provided  in  Table 
F-34. 
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TABLE  F-33 


PUMPING  STATION  SUMMARY 

Average  Flow,  Mgd 
25  50  100 


Site  1  Pumping  Station 
Capital  Cost,  $ 

O&M  Cost,  $/Year 

Design  Head,  Peak  Flow,  Feet 

Design  Head,  Average  Flow,  Feet 

Site  2  Pumping  Station 
Capital  Cost  ,  $ 

0<ScM  Cost,  $/Year 

Design  Head,  Peak  Flow,  Feet 

Design  Head,  Average  Flow,  Feet 

Site  3  Pumping  Station 
Capital  Cost,  $  ~ 

OicM  Cost,  $/Year 

Design  Head,  Peak  Flow,  Feet 

Design  Head,  Average  Flow,  Feet 

Site  4  Pumping  Station 
Capital  Cost  ,  $ 

O&M  Cost,  $/Year 

Design  Head,  Peak  Flow,  Feet 

Design  Head,  Average  Flow,  Feet 

WTP  Pumping  Station 
Capital  Cost,  $ 

O&M  Cost,  $/Year 

Design  Head,  Peak  Flow,  Feet 

Design  Head,  Average  Flow,  Feet 


2,610,000 

4,220,000 

- 

22,400 

38,300 

- 

241 

232 

- 

•  8 

6 

2,840,000 

4,510,000 

22,400 

38,300 

- 

304 

275 

- 

8 

6 

2,720,000 

4,340,000 

31,400 

47,900 

- 

270 

250 

- 

23 

14 

. 

58,400 

: 

: 

550 

- 

- 

68 

- 

- 

3,760,000 

6,140,000 

10,700,000 

292,000 

570,000 

1,100,000 

568 

534 

487 

458 

449 

437 
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TABLE  F-34 


GROUNDWATER  TREATMENT  PLANT  COSTS* 

Average  Flow,  Mgd 


25 

50 

100 

CAPITAL  COSTS 

Chlorination 

Filtration 

Construction  Total 

$94,000 

2,348,000 

2,442,000 

128,000 

3,858,000 

3,986,000 

175,000 
6,409,00 0 
6,584,000 

Interface  Piping,  Sitework  (5%) 
Subtotal 

122,000 

2,564,000 

199,000 

4,185,000 

329,000 

6,913,000 

Engineering  (10%) 

Profit  (10%) 

Land 

Administrative,  Legal 

Subtotal 

256,000 

256,000 

10,000 

35,000 

3,121,000 

419,000 

419,000 

10,000 

41,000 

5,074,000 

691,000 

691,000 

10,000 

52,000 

8,357,000 

Interest  During  Construction 

TOTAL 

205.000 

$3,326,000 

383,000 

$5,457,000 

725,000 

$9,082,000 

ANNUAL  COSTS 

Amortized  Capital  Costs 

260,000 

427,000 

711,000 

Operation  and  Maintenance  Costs 
Chlorination 

Filtration 

TOTAL 

17,000 

174,000 

191,000 

24,000 

315,000 

340,000 

36,000 

572,000 

608,000 

*  Costs  are  based  on  October  1981  price  levels,  an  interest  rate  of  7.625  percent,  and  operating 
during  5  months  of  the  year.  Summations  may  not  agree  with  totals  due  to  rounding. 


EVALUATION  OF  GROUNDWATER  ALTERNATIVES 
ECONOMIC  SUMMARY 

As  the  last  part  of  the  groundwater  analysis,  the  various  components  were  grouped  to 
form  alternatives  for  25,  50,  and  100-mgd  supplies.  These  alternatives  and  their  costs 
are  tabulated  in  Tables  F-35  through  F-40.  For  the  50  and  100-mgd  evaluation,  all 
possible  combinations  are  not  listed  since  the  25-mgd  and  50-mgd  analysis  indicated  that 
certain  sites  (notably  Site  4)  were  less  advantageous  than  others. 

From  an  economic  perspective,  Site  1  appeared  to  be  the  most  likely  candidate  for 
construction  for  both  the  25-mgd  and  the  50-mgd  scheme.  However,  Sites  2  and  3  were 
not  significantly  more  expensive.  For  the  100-mgd  scheme,  the  combination  6f  Site  1 
and  Site  2  proved  to  be  most  cost-effective. 

ENVIRONMENTAL  IMPACTS 

The  environmental  effects  associated  with  a  groundwater  system  can  be  divided  into  two 
categories:  (1)  impacts  due  to  construction  and  (2)  impacts  due  to  operation.  Impacts 
during  the  construction  phase  deal  mainly  with  the  development  of  the  wellfield  and  the 
construction  of  the  pipeline  and  the  wa'ter  treatment  plant.  The  impacts  associated  with 
the  operational  phase  are  mainly  due  to  the  reduction  of  head  in  the  aquifer. 

Construction 

In  the  development  of  a  groundwater  system,  the  most  obvious  impact  would  be  the 
alteration  of  the  land  use  within  the  wellfield.  The  extent  of  this  impact  would  largely 
depend  on  the  type  of  land  use  associated  with  the  wellfield  at  the  time  of 
development.  In  order  to  identify  and  measure  the  likely  impact,  an  assessment  of 
existing  land  use  was  made  using  1:24,000  aerial  photography  and  existing  reports  and 
publications.  In  addition  the  areas  were  examined  for  their  cultural  sensitivity.  Table  F- 
41  presents  the  information  that  was  developed  from  these  sources.  Generally,  all  four 
wellfields  are  characterized  as  being  agricultural/forested  tracts  located  in  stream 
valleys  in  rural  parts  of  Southern  Maryland.  The  major  impact  associated  with  the 
development  of  the  wellfield  would  be  the  elimination  of  agricultural  activities  within 
the  tract  and  the  disruption  and  possible  elimination  of  the  bottomland  hardwood  habitat. 

The  water  treatment  plant  for  the  groundwater  scheme  would  be  located  on  a  small 
commercial  tract  of  land  near  the  intersection  of  Routes  301  and  4.  Impacts  to  the 
environment  would  be  minimal  for  the  WTP  development  at  this  site. 
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TABLE  F-35 


SUMMARY  OF  25-MGD  ALTERNATIVES 
CAPITAL  COSTS* 


Component 

Site  1 

Site  2 

Site  3 

Wellfield  at  Site  1 

$4,840,000 

_ 

_ 

Wellfield  at  Site  2 

— 

$5,060,000 

— 

Wellfield  at  Site  3 

— 

— - 

$4,960,000 

Wellfield  at  Site  4 

— 

— 

— 

Water  Treatment  Plant 

$3,320,000 

$3,320,000 

$3,320,000 

Pipe  A 

$6,060,000 

— 

— 

Pipe  B 

— 

$8,730,000 

— 

Pipe  C 

— 

— 

$10,700,000 

Pipe  D 

— 

— 

— 

Pipe  E 

$2,440,000 

$2,440,000 

— 

Pipe  F 

$10,800,000 

$10,800,000 

$10,800,000 

Pumping  Station  at  Site  1 

$2,610,000 

— 

— 

Pumping  Station  at  Site  2 

- — 

$2,840,000 

— 

Pumping  Station  at  Site  3 

— 

— 

$2,720,000 

Pumping  Station  at  Site  4 

— 

— 

— 

Pumping  Station  at  WTP 

$3,760,000 

$3,760,000 

$3,760,000 

TOTAL 

$33,830,000 

$36,950,00 0 

$36,260,000 

Total  Cost  per  Mgd 

Total  Cost  per  MG,  150-Day 

$1,350,000 

$1,480,000 

$1,450,000 

Supply 

$9,000 

$9,900 

$9,700 

Site  4 


$5,140,000 

$3,320,000 


$10,700,000 

$1&,300,000 

$10,800,000 


$3,580,000 

$3;760.000 

$55,600,000 

$2,220,000 

$14,800 


* 


Costs  are  based  on  October  1981  price  levels,  and  screening  of  the  Patapsco  and  Patuxent 


TABLE  F-36 


SUMMARY  OF  25-MGD  ALTERNATIVES 
OPERATION  AND  MAINTENANCE  COSTS* 
$/YEAR 


Component 

Site  1 

Site  2 

Site  3 

Site  4 

Wellfield  at  Site  1 

$173,000 

_ 

Wellfield  at  Site  2 

— 

$217,000 

T„ 

_ 

Wellfield  at  Site  3 

— 

— 

$204,000 

_ 

Wellfield  at  Site  9 

— 

— 

_ _ 

$272,000 

Water  Treatment  Plant 

$191,000 

$191,000 

$191,000 

$191,000 

Pipe  A 

10,900 

— 

___ 

_ „ 

Pipe  B 

— 

$15,600 

— 

... 

Pipe  C 

— 

— 

$19,100 

$19,100 

Pipe  D 

— 

— 

— 

$32,700 

Pipe  E 

$4,400 

$4,000 

Pipe  F 

$19,400 

$19,400 

$19,400 

$19,400 

Pumping  Station  at  Site  1 

$22,400 

— 

— 

— 

Pumping  Station  at  Site  2 

— 

$22,400 

— 

- - 

Pumping  Station  at  Site  3 

~ 

— 

$31,400 

— 

Pumping  Station  at  Site  4 

— 

— 

— 

$58,400 

Pumping  Station  at  WTP 

$292,000 

$292,000 

$292,000 

$292,000 

TOTAL 

$713,000 

$762,000 

$757,000 

$882,000 

Total  Cost  per  Mgd 

$29,000 

$30,000 

$30,000 

$350 

Total  Cost  per  Mgd 

$1,350,000 

$1,480,000 

$1,450,000  : 

$2,220,000 

Total  Cost  per  MG,  150-Day 

Supply 

$9,000 

$9,900 

$9,700 

$14,800 

*  Costs  are  based  on  October 
aquifers. 


1981  price  levels,  and  screening  of  the  Patapsco  and  Patuxent 
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TABLE  F-37 


SUMMARY  OF  50-MGD  SCHEMES 
CAPITAL  COSTS* 


Component 

Site  1 

Site  2 

Site  3 

Wellfield  at  Site  1 

$11,980,000 

— 

— 

Wellfield  at  Site  2 

— 

$12,300,000 

— 

Wellfield  at  Site  3 

— 

— 

$12,200,000 

Wellfield  at  Site  4 

— 

— 

— — 

Water  Treatment  Plant 

$5,460,000 

$5,460,000 

$5,460,000 

Pipe  A 

$10,600,000 

$15,200,000 

— 

Pipe  B 

— 

— 

Pipe  C 

— 

— 

$18,700,000 

Pipe  D 

— 

$3,970,000 

“r“-T 

Pipe  E 

$3,970,000 

— 

Pipe  F 

Pumping  Station  at 

$19,000,000 

$19,000,000 

$19,000,000 

Site  1 

$4,220,000 

— 

— • 

Site  1  (25) 
and 

Site  2  (25) 

$4,840,000 

$5,060,000 


$5,460,0 00 
$6,060,000 
$8,730,000 


Site  1  (25) 
and 

Site  3  (25) 

$4,840,000 

$4,960,000 

$5,460,000 

$6,060,000 


—  $10,700,000 


—  $4,510,000 


$3,970,000 

$19,000,000 

$2,610,000 

$2,840,000 


$2,440,000 

$19,000,000 

$2,610,000 


$6.140.000 

$61,370,000 

$1,230,000 

$8,200 


$6.140.000 

$66,580,000 

$1,330,000 

$8,900 


$4,340,000 


$6.140.000 

$65,840,000 

$1,320,000 

$8,800 


$2,720,000 


Pumping  Station  at 
Site  2 

Pumping  Station  at 
Site  3 

Pumping  Station  at 
Site  4 

Pumping  Station  at 
WTP 
TOTAL 

Total  Cost  per  Mgd 

Total  Cost  per  MG, 

150-Day  Supply 

*  Costs  are  based  on  October  1981  price  levels,  and  screening  of  the  Patapsco  and  Patuxent 

aquifers. 


$6.140.000  $6.140.000 

$64,710,000  $64,930,000 


$1,290,000 

$8,600 


$1,300,000 

$8,700 


1 
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TABLE  F-38 


SUMMARY  OF  50-MGD  ALTERNATIVES 
OPERATION  AND  MAINTENANCE  COSTS* 
$/YEAR 


Component 

Wellfield  at  Site  1 

Wellfield  at  Site  2 

Welifield  at  Site  3 

Wellfield  at  Site  4 

Water  Treatment  Plant 

Pipe  A 

Pipe  B 

PipeC 

PipeD 

Pipe  E 

Pipe  F 

Pumping  Station  at 
Site  1 

Pumping  Station  at 
Site  2 

Pumping  Station  at 
Site  3 

Pumping  Station  at 


Site  1 

Site  2 

Site  3 

Site  1 
and 
Site  2 

Site  1 
and 
Site  3 

$507,000 

$595,000 

$608,000 

$173,000 

$217,000 

$173,000 

$204,000 

$340,000 

$18,200 

$340,000 

$26,100 

$340,000 

$32,000 

$340,000 

$10,900 

$15,600 

$340,000 

$10,900 

$19,100 

$6,800 

$32,600 

$6,800 

$32,600 

$32,600 

$6,800 

$32,600 

$4,400 

$32,600 

$38,300 

— 

— 

$22,400 

$22,400 

— 

$38,300 

— 

$22,400 

-  , 

$47,900 


Site  4 

— 

_ 

_ 

Pumping  Station  at  WTP 
TOTAL 

$570,000 

$1,313,000 

$570,000 

$570,000 
$1, $30,000 

$570,000 

$1,411,000 

Total  Cost  per  Mgd 

Total  Cost  per  MG, 

$30,000 

$32,000 

$33,000 

$28,000 

150-Day  Supply 

$200 

$210 

$220 

$190 

$31,400 

>570,000 


$28,000 

$190 


*  Costs  are  based  on  October  1981  price  levels,  wellfield  operation  during  five  months  of  the 
year,  and  screening  of  the  Patapsco  and  Patuxent  aquifers. 
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TABLE  F-39 


SUMMARY  OF  100-MGD  ALTERNATIVES 
CAPITAL  COSTS* 


Site  1 

Site  2 

Site  1 

Site  1  (50) 

and 

and 

and 

Site  2  (25),  and 

Component 

Site  2 

Site  3 

Site  3 

Site  3  (25) 

WeUfield  at  Site  1 

$11,980,000 

$11,980,000 

$11,980,000 

Wellfield  at  Site  2 

$12,300,000 

$12,300,000 

— 

$5,060,000 

WeUfield  at  Site  3 

— 

$12,200,000 

$12,200,000 

$4,960,000 

Wellfield  at  Site  4 

— 

— 

— 

Water  Treatment  Plant 

$9,080,000 

$9,080,000 

$9,080,000 

$9,080,000 

Pipe  A 

$10,600,000 

— 

$10,600,000 

$10,600,000 

Pipe  B 

$15,200,000 

$15,200,000 

— 

$8,730,000 

PipeC 

— 

$18,700,000 

$18,700,000 

$10,700,000 

Pipe  D 

— 

— 

— 

— 

Pipe  E 

$7,560,000 

$2,440,000 

$2,440,000 

$5,970,000 

Pipe  F 

$38,200,000 

$38,200,000 

$38,200,000 

$38,200,000 

Pumping  Station  at  Site  1 

$4,220,000 

— 

$4,220,000 

$4,220,000 

Pumping  Station  at  Site  2 

$4,510,000 

$4,510,000 

— 

$2,840,000 

Pumping  Station  at  Site  3 

— 

$4,340,000 

$4,340,000 

$2,720,000 

Pumping  Station  at  Site  4 

— 

— 

— 

— 

Pumping  Station  at  WTP 

$10,700,000 

$10,700,000 

$10,700,000 

$10,700,000 

TOTAL 

$124,350,000 

$127,670,000 

$122,460,000 

$125,760,000 

Total  Cost  per  Mgd 

Total  Cost  per  MG, 

$1,240,000 

$1,280,000 

$1,220,000 

$1,260,000 

150-Day  Supply 

.  $8,300 

$8,500 

$8,200 

$8,400 

*  Costs  are  based  on  October  1981  price  levels,  and  screening  of  the  Patapsco  and  Patuxent 
aquifers. 


TABLE  F-40 

SUMMARY  OF  100-MGD  ALTERNATIVES 
OPERATION  AND  MAINTENANCE  COSTS  * 
$/YEAR 


Component 


Site  1 
and 
Site  2 


Site  2 
and 
3 


Site  1 
and 
Site  3 


Site  1 
Site  2  and 
Site  3 


WeUfield  at  Site  1 

$507,000 

— 

$507,000 

$507,000 

Wellfield  at  Site  2 

$595,000 

$595,000 

— 

$217,000 

WeUfield  at  Site  3 

— 

$608,000 

$608,000 

$204,000 

Wellfield  at  Site  4 

_ 

— 

Water  Treatment  Plant 

$608,000 

$608,000 

$608,000 

$608,000 

Pipe  A 

$18,200 

— 

$18,200 

$18,200 

PipeB 

$26,100 

$26,100 

— 

$15,600 

PipeC 

— 

$32,000 

$32,000 

$19,100 

PipeD 

— 

— 

— 

— 

Pipe  E 

$12,500 

$6,800 

$6,800 

$10,000 

Pipe  F 

$63,100 

$63,100 

$63,100 

$63,100 

Pumping  Station  at  Site  1 

$38,300 

$38,300 

$38,300 

Pumping  Station  at  Site  2 

$38,300 

$38,300 

— 

$22,400 

Pumping  Station  at  Site  3 

— 

$47,900 

$47,900 

$31,400 

Pumping  Station  at  Site  4 

— 

— 

— 

— 

Pumping  Station  at  WTP 

$1,100,000 

$1,100,000 

$1,100,000 

$1,100,000 

TOTAL 

$3,o66,b(to 

$3,029,000 

fi,kti,ooo 

Total  Cost  per  Mgd 

Total  Cost  per  MG, 

$30,000 

$31,000 

$30,000 

$29,000 

150-Day  Supply 

$200 

$210 

$200 

$190 

*  Costs  are  based  on  October  1981  price  levels,  wellfield  operation  during  five  months  of  the 
year,  and  screening  of  the  Patapsco  and  Patuxent  aquifers. 

In  terms  of  cultural  resources,  all  four  sites  are  located  in  small  tributary  basins.  These 
locations  have  a  good  potential  for  cultural  resources  since  prehistoric  peoples  usually 
located  along  these  small  meandering  streams. 


Due  to  groundwater  scheme's  adherence  to  the  highway  rights-of-way,  the  pipeline  would 
have  a  minimal  environmental  impact  since  wildlife  trails  likely  would  already  reflect 
adjustments  made  for  the  highway.  However,  during  the  pipeline  construction  there 
would  be  localized  short-term  traffic  disruptions.  No  cultural  resources  impacts  would 
be  expected  since  the  area  is  already  disturbed. 

Operation 

The  environmental  effects  due  to  the  operation  of  the  wellfield  would  largely  relate  to 
the  resulting  drawdown  in  the  aquifers.  Possible  effects  include  land  subsidence,  salt¬ 
water  intrusion,  surface  water  effects,  and  effects  on  existing  groundwater  users.  Based 
on  the  pumping  rates  and  recovery  time,  it  does  not  appear  that  the  drawdowns  would  be 
significant  enough  to  cause  any  problems  in  the  top  aquifer  (the  Aquia)  used  by  the  local 
groundwater  withdrawals.  Drawdown  impacts  in  the  deep  aquifers  for  the  three  levels  of 
withdrawals  are  depicted  in  Figures  F-45  through  F-47.  Since  local  withdrawals  are  not 
from  these  aquifers,  these  drawdowns  should  not  impact  the  local  water  supply  situation 
significantly.  However,  further  pursuit  of  this  alternative  would  require  more  detailed 
analyses  of  the  drawdown  impacts. 

SUMMARY 


The  environmental  analysis  for  this  alternative  indicated  that  the  four  groundwater  sites 
have  very  similar  land  use  patterns  and  potential  environmental  impacts.  And  although 
the  habitat  in  the  vicinity  rf  Site  3  has  been  designated  as  a  future  environmental  study 
area,  the  proper  design  and  siting  of  a  future  wellfield  in  this  area  could  minimize 
impacts  to  this  sensitive  environment.  Therefore,  there  would  be  no  preference  for  any 
of  the  groundwater  sites  from  an  environmental  and  cultural  perspective. 

In  economic  terms,  Site  4  clearly  showed  a  disadvantage.  Due  to  its  considerable 
distance  (relative  to  the  other  sites)  from  the  MWA,  the  Site  4  construction  costs  were 
significantly  higher,  at  least  50  percent,  than  the  other  three  sites.  In  addition,  its 
limited  capacity  would  preclude  development  beyond  25  or  30  mgd  of  supply.  Of  the 
remaining  three  sites,  the  cost  analysis  for  the  groundwater  schemes  for  both  25  and  50- 
mgd  production  indicated  that  Site  1  was  the  most  cost-effective.  However,  the  costs 
for  development  of  Sites  2  and  3  were  only  7  to  9  percent  higher;  further  consideration  of 
this  alternative  should  consider  these  sites,  as  well.  For  the  100-mgd  alternative,  the 
combination  of  Sites  1  and  3  proved  to  be  the  most  economical  project  at  a  total  cost  of 
$122,460,000. 

In  general,  the  groundwater  alternative  was  estimated  to  cost  approximately  $1.2  million 
to  $1.3  million  per  mgd  of  supply. 


FIGURE  F-45 


DIAGRAM  OF  DEEP  AQUIFER  DRAWDOWN  WITH 
25-MGD  ALTERNATIVES 
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FIGURE  F-46 


DIAGRAM  OF  DEEP  AQUIFER  DRAWDOWN  WITH 
50-MGD  ALTERNATIVES 
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FIGURE  F-47 


DIAGRAM  OF  DEEP  AQUIFER  DRAWDOWN  WITH 
100-MGD  ALTERNATIVES 
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Generally)  as  an  alternative,  the  proposed  groundwater  schemes  would  have  minimal 
impact  to  the  area  habitat.  The  development  oi  large  production  wellfields  would 
require  fairly  extensive  purchase  of  land  in  southern  Maryland.  However,  the  use  of 
these  lands  could  be  expanded  to  multi-purpose  properties  by  combining  water  supply 
with  recreation  or  open-space  planning.  The  groundwater  alternative,  particularly  the 
wellfield,  could  be  somewhat  developed  as  need  arises,  i.e.,  in  increments  of  supply, 
rather  than  requiring  extensive  capital  development  in  expectation  of  need.  This  would 
allow  for  more  flexible  water  supply  planning. 

Clearly,  the  potential  for  drawdown  in  nearby  local  wells  would  have  to  be  addressed  in 
detail  prior  to  acceptance  of  the  groundwater  alternative.  However,  the  studies  by  the 
USGS  and  others  have  indicated  that  use  of  the  Patapsco  and  Patuxent  aquifers  only 
would  not  significantly  drawdown  adjacent  wells  tapping  the  Aquia  aquifer.  Drawdowns 
in  the  deep  aquifers  would  be  significant  as  shown  in  Figures  F -45,  F-46,  and  F -47. 
However,  neither  the  Patapsco  nor  the  Patuxent  are  major  sources  of  supply  in  the 
vicinity  of  the  three  selected  sites  (Site  4  was  excluded  for  economic  reasons  as 
explained  above);  therefore,  these  drawdowns  should  not  impact  on  local  water  supply 
withdrawals. 


GLOSSARY  OF  SELECTED  TERMS 


Anion;  A  negatively  charged  ion. 

Aquifer:  A  water-bearing  bed  that  will  yield  water  in  a  usable  quantity. 

Cation:  A  positively  charged  ion. 

Confined  aquifer;  An  aquifer  in  which  groundwater  is  under  pressure  significantly 
greater  than  atmospheric,  and  its  upper  limit  is  the  bottom  of  a  bed  of  distinctly  lower 
hydraulic  conductivity  than  that  of  the  aquifer. 

Constant-head  boundary:  A  boundary  at  which  the  head  is  unchanging  with  time. 

Digital  flow  model:  A  mathematical  approximation  of  a  flow  system. 

Downdip:  A  direction  that  is  downwards  and  parallel  to  the  dip  of  a  structure  or  surface. 

Finite-difference:  A  technique  in  which  continuous  variables  of  differential  equations 
are  replaced  with  discrete  variables.  The  relations  between  these  discrete  variables  are 
finite-difference  equations,  and  it  is  these  finite-difference  equations  which  are  solved 
numerically  on  a  digital  computer. 

Fluvio-deltaic:  Refers  to  material  formed  by  the  joint  action  of  river  and  delta. 

Fluvio-marine:  Refers  to  material  formed  by  the  joint  action  of  river  and  sea. 

Flux:  The  rate  of  transfer  of  fluid  across  a  given  surface. 

Head:  The  height  above  a  datum  plane  of  the  surface  of  a  column  of  water. 

Hydraulic  conductivity:  The  capacity  of  a  unit  cube  of  rock  to  transmit  water. 

Homogeneous:  Synonymous  with  uniformity.  A  material  is  homogeneous  if  its  hydrologic 
properties  are  identical  everywhere. 

Isotropy:  That  condition  in  which  all  significant  properties  are  independent  of  direction. 

No- flow  boundary:  A  boundary  across  which  there  is  no  flow. 

Outcrop:  The  part  of  the  formation  that  appears  at  the  surface  of  the  ground. 

Potentiometric  surface:  A  surface  which  represents  the  static  head.  As  related  to  an 
aquifer,  it  is  defined  by  the  levels  to  which  water  will  rise  in  tightly  cased  wells. 

Specific  storage:  The  volume  of  water  released  from  or  taken  into  storage  per  unit 
volume  of  the  porous  medium  per  unit  change  in  head. 

Steady- state:  A  state  in  which  flow  is  independent  of  time. 

Storage  coefficient:  The  volume  of  water  released  from  or  taken  into  storage  per  unit 
surface  area  of  an  aquifer  per  unit  change  in  head. 


Transmissivity:  The  capacity  of  an  aquifer  to  transmit  water.  It  equals  the  hydraulic 
conductivity  times  the  aquifer  thickness. 

Trilinear  diagram:  A  diagram  in  which  the  composition  of  the  water  with  respect  to 
cations  is  indicated  by  a  point  plotted  in  the  cation  triangle,  and  the  composition  with 
respect  to  anions  by  a  point  plotted  in  the  anion  triangle.  The  coordinates  at  each  point 
add  to  100  percent.  The  points  plotted  in  the  central  field  a-e  located  by  extending  the 
points  in  the  lower  triangles  to  points  of  intersection. 

Updip:  A  direction  that  is  upwards  and  parallel  to  the  dip  of  a  structure  or  surface. 
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ANNEX  F-I 


DIGITAL  SIMULATION  OF  GROUNDWATER  FLOW 
IN  PART  OF  SOUTHERN  MARYLAND 

by 

William  B.  Fleck 
U.S.  Geological  Survey 


Prepared  in  cooperation  with  the 
U.S.  Army  Corps  of  Engineers,  Baltimore  District 
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DIGITAL  SIMULATION  OF  GROUNDWATER  FLOW 


Graph  Showing  Water-Level  Recovery  of  the 
Aquia  Aquifer,  Site  I 
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